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You don’t have to argue with a 

oe man up at the front that it’s just 

| good sense to keep guns clean to keep ’em 
working. Nor do you have to argue with 

: experienced men on the front line of production 
eS that the same thing holds true for motor control. 
Of course you have to keep motor control contacts 


clean... but how are you going to do it? Why 







make an extra maintenance chore of it—especially 





ee 


when men are so scarce? Specify Cutler-Hammer 


Motor Control with the VERTICAL dust-safe contacts 


that shed dirt and keep themselves clean. That's 


the direct way of insuring unfailing motor 


control performance ... and there’s no 
extra cost. CUTLER-HAMMER, Inc., 
1310 St. Paul Avenue, Milwaukee, 


SS 


Wisconsin. Associate: Canadian 


Cutler-Hammer, Ltd., Toronto, Ont. 
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BALL BEARINGS ARE VITAL TO THE WAR 


% 


Apply them right — for best performance 
HERE’S HELP FOR DESIGNERS 


PART TWO 


DETAILS of DESIGN 


of shafts and housings 
for ball bearings 
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Maintain them correctly 


for maximum life . and if you must replace 
HERE’S HELP! HERE’S HELP! 
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Keep them rolling! In addition to these helpful technical 
booklets and manuals, New Departure’s staff of application 
and field service engineers are always at your service. Ad- 
dress New Departure Division General Motors Corp., Bristol, 
Connecticut. Detroit, Chicago, San Francisco, Washington. 
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Heavy-Duty Allis-Chalmers Power Units Give Yoy 
Every Advantage ...Have Countless Applications 





Wherever smooth, dependable, low cost power is wanted... 
an Allis-Chaimers engine handles the job to perfection—whether its driv- 
ing mining, industrial, road-building machinery or other units. Above, 
Model U-40 powering a crusher. Right, a W-25 driving an arc welder. 


Here is the kind of power you've been looking 
for! Designed for tough tractor service, high in 
torque, Allis-Chalmers heavy-duty Power Units 
give you every advantage...are easily adaptable 
for a variety of installations. Operate smoothly 
on steady or intermittent loads—drive draglines, 
centrifugal pumps, crushers, air compressors, arc 





MILWAUKEE| 


LLI: DIVISION. 


Power Units | 


5 SIZES...15 to 110 B. H. P. 


@ Natural Gas © Butane 





- you'll find 





welders, shovels, sawmills, pulverizers and count- 
less other outfits with equal ease. Hundreds of 
thousands are turning out smooth, economical 
power on scores of applications. Lower priced 
than any other engines of comparable displace- 
ment and horsepower, they give you a big com- 
petitive advantage — lower the combined cost 
of your outfit... give users more h. p. per dollar 
invested. Parts and replacements are available 
everywhere! Neat and compact in design, self- 
contained and protected from the elements, 
available with various accessories, they fit every 
type of job. Backed by nearly 100 years industrial 
manufacturing experience! A variety of sizes 
for every power requirement. Choice of fuels. 
Get all the facts ... NOW! Write for literature. 


@ Gasoline © Low Grade Fuel 
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said the bearing to the fly. “Though smaller*, I, too, have 
wings and fly. In this war scientists and research workers 
are constantly finding new jobs for me to do’— Production 
engineers have long known that Miniature Precision 

















= Bearings (1/8” to 5/16” o. d.) have the strength to with- 

of stand relatively heavy loads; anti-friction characteristics to 

cal transmit 75,000 r. p. m.; ruggedness to take the impact of 

ed shock, jolt, thrust . . . Available for production on high 

@- priority, and in limited quantities for development or con- 

m- version of appliances, instruments and other fine mecha- 

>st nisms to further peacetime progress. Write for Survey Sheet 

jar 2-MD; Catalog; nearest representative. 

= * Only an M. P. B. could have said that. 
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Macuinr. Desicn—February, 1943 83 











MERICA’S first 

military trans- 
port plane built al- 
most entirely of 
wood by Curtiss- 
Wright recently 
completed a success- 
ful test flight. Com- 
bining molded ply- 
wood, laminates and 
plain lumber, the 
plane is produced 
largely by subcon- 
tract to the wood- 
working _ industry. 
Known as the Cara- 
van, it is a high- 
wing monoplane with a wing span of 108 feet, a length of 
68 feet and two 1200-horsepower engines. 


¢ 


N THIS year the United States should reach a peak in 

aluminum production which the entire Axis nations 
combined cannot hope to achieve. During the past year 
we produced this vital warplane metal at a greater rate 
than all Nazified Europe and probably eight times faster 
than Japan. 


¢ 


OLOR coding to assure that machine elements receive 

the proper grade of lubricant has been requested by 
WPB. In this way costly mistakes might be avoided and 
machine maintenance facilitated. For example, the oil 
cap on the spindle bearing of a grinding machine could 
be painted red and the same color used to mark the con- 
tainer holding the spindle oil. 


OWDER metals applied in the form of metal cladding 

show promise that virtually any metal can be clad on 
steel. Already successful for certain alloys with fairly 
low melting points, new developments indicate that the 
method will have far-reaching applications. 


RGENCY for simplifying the nation’s war production 

job because of increasing use of unskilled labor, 
acuteness of the industrial manpower situation, and need 
for conserving materials to the utmost have caused the 
American Society of Tool Engineers to reverse its previous 
decision not to hold an exhibition in 1943. Thus, simpli- 
fied exhibits bearing directly on the immediate job of ex- 
pediting war production will be shown in conjunction 
with the society’s annual meeting in Milwaukee. 


¢ 


ECAUSE space and weight are limited in modern air- 
craft, direct-current distribution systems for auxiliary 
power probably will give way to alternating-current units. 
Advantage of the a-c current system is that it allows trans- 
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mission at higher 
voltage, utilizing 
transformers where 
needed and saving 
considerable copper. 
Some power units 
operate better on al- 
ternating than on 
direct current. 
Where direct cur. 
rent is required, 
however, __ rectifiers 
may be employed. 
Considerable — work 
also is being done 
on high-frequency 
power because it 
promises better performance at high altitudes. Since 
power units would operate at higher speeds, further 
weight reductions would be possible. 


¢ 


HAT output of essential minerals be not slowed down, 

it may be necessary to set up WPB control through 
mandatory scheduling of mine machinery production and 
delivery, both for domestic use and lend-lease purposes, 
according to Arthur S. Knoizen, Director of WPB’s mining 
equipment division. “Through such scheduling we hope to 
achieve maximum utilization of materials, facilities and 
manpower.” 


¢ 


ILICON bronze with some zinc content and no tin 
\J has recently been recommended to replace phosphor 
bronzes and gear bronzes that normally contain consider- 
able tin. It has tensile strength of 40,000 to 50,000 
pounds per square inch, elongation 15 to 23 per cent, 
brinell hardness 90 to 125 and specific gravity 8.44. Cast- 
ings will withstand high liquid pressures and are corrosion 
resistant. 


+ 


ACO nine-place cargo glider has proved itself satis- 

factory in every detail and is now in mass produc- 
tion. Manufacturing rights have been granted to a score 
of other airplane manufacturing companies to expedite 
production. Similar craft are also being built as fifteen- 
place gliders, carrying fifteen fully equipped fighting mea 
or their equivalent in cargo. 


. 


ESEARCH work on synthetic rubbers has been ex- 

panded to include top ranking scientists at three engi- 
neering colleges. In a new working arrangement between 
Case School of Applied Science, Princeton University, 
Ohio State University and Firestone, the colleges will 
study the lesser known phases in an attempt to improve 
upon the properties of the various synthetics. In this ar- 
rangement, all records and information of the Firestone 
company will be available to carry the work forward at 
top speed. 
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Gear Finisher Design Provides 


for Subassembly 


By H. Pelphrey 
Research Engineer 
Michigan Tool Co. 


ARGELY resulting from the war program, need for 
L accurate finish of large gears has vastly increased. 
While machines for finishing gears up to 18 inches 

in diameter to close limits have been widely used for 
many years, the demand for increased production to simi- 
lar accuracies in larger gears has introduced new prob- 
lems in the design of machines for gear finishing. Because 
the methods used in solving some of the important prob- 
lems involved are applicable to the design of machines 
for other purposes, the following study of the design of a 
machine for finishing large gears by the crossed-axis shav- 


Fig. 1—Gear finisher 
Produces accuracies on 
large gears similar to 
those required on small 
ones. Electrical con- 
trols simplify mechan- 
ical design and provide 
versatility in operation 
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ing method is of special interest. 

In the rotary crossed-axis shaving method a grooved 
toothed cutter is revolved in mesh with a gear, previously 
cut with a small amount of stock left for finishing. The 
helix angle of the teeth on the cutter differs from that of 
the gear so that when the cutter is mounted at a “crossed- 
axis” angle corresponding with the difference in helix 
angles between the two, a cutting or shaving action is 
produced. 

To obtain desired results in any shaving machine, 
especially at high production rates, rigidity throughout 
the machine is essential. Simplicity of operation is also 
important since the machine must be operable by rela- 
tively unskilled labor. Versatility is a third factor to be con- 
sidered, so that changes in parts or a wider variety of 
sizes can be handled with minimum resetting of the ma- 
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retained inside the seals to last for 6 months, at which 
time additional lubricants may be forced into the fittings. 

In addition. the design of the driving mechanism is 
noteworthy. Through the use of a false rib or plate shown 
in Figs. 2 and 3, the drive gearing becomes a seperate 
unit from the spindle assembly. This rib not only facili- 
tates the bench assembly of the bearings on the spindles, 
but also places the driving stresses outside of their main 
support bearings. By having the drive gear on the large 
shaft mounted close to the inner support bearing, no out- 
rigger bearing is used, but one is provided for the small 
shaft in the false rib, due to the smaller size. It may be 
mentioned that the cone-drive gear shaft shown in Fig. 
9 is also bench assembled, as is the pinion shaft. 


A | A double-spindle headstock and mating dual tailstock 
were desired for the following reasons: 


‘ , 1. To reduce overall size by shortening the cutter column 
slide travel 
2. To give greater selection of spindle speeds from small- 








atthts. 





est to largest work 
. To provide a more rugged spindle for mounting large 
+® 
Fig. 4—Drive for cutter spindle slide is through bevel 


gears and screw with a nut on the cutter slide. Section 


A-A shows drive to gear 1 seen in Fig. 5 
Fig. 5—Cutter-spindle carriage and change 


gear drive. Drive unit is bench assembled. 
Gear 2 is driven by gear 1 and drives 
spindle slide through gears, screw and nut 





e inner © , work than could be permitted otherwise, due 
to interference encountered with small work. 
With the two-spindle headstock and only 














thrust 7 J ae one main drive unit and single set of eight 
inner Z Be Cutter slide pick-off change gears, 12 speeds ranging 

nter of 7 AR ae from 16 to 240 revolutions per minute for 
better : T7 ‘Guys ! < the two spindles is provided with the 
SS change gears regularly supplied with the 

special | ae. machine. Because of the ability to use a 








ent for S| ee large gear on the larger of the two spindles 

Cutter spindle (for the slower speeds) and to shift the 

housing (out of 
osition 
position) 





drive easily from one spindle to the other, 
suitable shaving speeds can be obtained. 





In assembling the headstock mechanism, 
the spindle and gear shafts are first in- 
stalled, seals and caps attached, large gear 
mounted and the false rib placed in posi- 
tion. The gear shaft assembly includes an 
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actuating cam and rod for a_ lubrication 


es 


pump. The false rib or plate is fastened 
to the housing casting by means of screws 
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and dowel pins. Bearing carriers, Fig. 2, 





are next assembled to the plate, followed | 
by a shaft carrying the spindle-drive slider 
gear. Change gears (Fig. 3) may now be 
mounted. To complete the drive, driveshaft 
is connected by a V-belt to the driving mo- 
tor in the base of the machine. 

The lubricating pump, Fig. 3, which is 
actuated by the rod shown in Fig. 2, is con- 
nected through metering valves to various 
bearings (exclusive of those on the spindles) 
and to all gears. To- effect a leak-proof 
joint at the door of the housing in Fig. 3, 
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Fig. 6—Schematic wiring diagram indicating interlocking 
controls for the various preset motions 


an angle iron fastened to the inside of the door projects 
into the housing, between the latter and a steel strip at- 
tached to machined surfaces just inside the opening. 
The cutter spindle is mounted on preloaded antifriction 
bearings and is similar in design to the work spindles in 
that it also incorporates the bench-assembly feature. Figs. 
4 and 5 illustrate some of the back column features. The 
first unit of the slide drive is through a cone gear (inset 
Fig. 4) to shaft 1 shown in Fig. 5. The mounting ar- 
rangement for this is substantially the same as for the 
work spindles, namely, bench assembly. The change 
gears as shown drive a bevel gear meshing with a mating 
gear which in turn drives the cutter slide through a screw. 
The cutter slide ways may be positioned for operating 


90 


the slide either parallel or transversely to the headstock 
spindles. To form a circular T-slot on the column for 
rotating the cutter head to desired crossed-axis position 
with the gear to be shaved, two steel rings are used. These 
are lathe turned and then attached to the column, since 
it is difficult to turn a slot of this kind directly in such 
a heavy and odd-shaped piece as the housing. 

Complete electrical control for the machine was selected 
for purposes of simplicity and to provide utmost flexibility. 
This method of control also has the advantage that several 
subassemblies that are not mechanically connected can be 
electrically interconnected, often eliminating such mechan- 
ical connections as links, shafts, cams, plungers, and similar 
parts. Also, with electrical control the entire cycle of a 
machine can be changed by changing a few connections. 

A schematic diagram for the control circuit is shown 
in Fig. 6. In each large assembly unit where controls are 
used, there is an opening, covered by a door, inside of 
which marked terminal blocks are provided, with wiring 
to each electrical unit. This practice not only enhances 
the appearance of the machine, but simplifies construc- 
tion as well as facilitates maintenance. 

As shown in Fig. 5 limit switches, signal lights and 
control buttons are mounted without the use of conduits. 
The lights are of various colors and indicate conditions 
existing during the set-up and working cycles. The controi 
system also includes full overload and undervoltage pro- 
tection by an interlock and thermal overload switches. 





UN-SHAPED tool is heated electrically for exploding 

ing rivets in hard to reach places in planes. Princi- 

pal parts of the “gun” are modifications of an electric range 

heating unit and electric iron thermostat. The heater, 

sealed in tube-shaped metal jacket is embedded in the 

cast-iron barrel while the thermostat is placed in the cord 

circuit. Accurate heat control of this Westinghouse unit 

assures that maximum strength of rivet is developed by 
obtaining full force of explosion. 
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Forging operations utilizing 
induction heating have greatly re- 
duced the time required by heat- 
ing in gas furnaces. In the illus- 
tration below a propeller shank, 
heated by the Tocco process, re- 
duces the heating time to one fifth. 
The hollow shank, 45/g inches in 
diameter, is swaged in this opera- 
tion to a perfect circumference. 
Heat generated by internal mole- 
cular friction caused by the rap- 
idly reversing induced current 
raises the temperature in the sec- 
tion to 1700 degrees Fahr. in 150 
seconds. This rapid method of 








Plastics replace two sheet aluminum 
parts in the Wright Cyclone engine above, ef- 
fecting a savings of many thousand pounds of 
the vital metal monthly, giving twice the serv- 
ice life of the parts involved and providing re- 
ductions in engine weight, manufacturing time 
and costs. The two parts—baffles or air de- 
flectors and push rod housing—are in quantity 
production and other manufacturers are ex- 
pected to adopt them as standard. Made in 
one instead of five operations the parts are 
fabric impregnated with phenolic resin and are 
formed in molds and cured under heat and 
pressure. The baffles deflect the air stream 
Over the entire finned surface of the cylinders. 
providing rear bank cylinders with the same 
cooling as the front. The push rod housings, 
one-inch tubes about twelve inches long, pro- 
tect the push rods and act as a return channel 
for oil carried to the entire valve mechanism. 
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To eliminate 
personal judg- 
ment in stud weld- 
ing and to facilitate other operations involving end welding of 
steel sections, the tool shown at right embodies automatic con- 
trol. For certain assemblies it is possible to weld studs after 
parts to be assembled are in place, obviating layout time or spe- 
cial fixtures. Shown in the photograph above are several studs 
welded to a steel plate. 

Operation of the gun, developed by the Hollup Corp., in- 
volves cocking by pushing a stud to be welded into a collet and 
against the action of a forging spring until it is compressed suf- 
ficiently to close a latch. Spot where stud is to be welded is 
prepared by placing a ferrule in position with a measured amount 
of arc-inducing material. The gun is then held over this spot 
while a trigger is pressed to initiate the automatic welding cycle. : Collet 

This trigger energizes the control circuit which allows the | 
welding current to flow for a predetermined length of time, suf- 
ficient to form a pool of molten metal in the ferrule. At the end 
of the cycle, a solenoid is energized to open the latch, forcing 
the stud into the pool of molten meial. When the latch is opened, 
an interlock switch interrupts the welding current. This action 
also cuts out the trigger circuit so that, even if the operator con- 
tinues to hold the trigger, no welding current can flow when 
the gun is removed from the stud. The collet is arranged so that 
it releases the stud upon withdrawal of the gun. The control 
cabinet utilizes a contactor for the welding current, an adjustable 
timing relay for limiting the welding current, an auxiliary relay 
for control circuit and a current relay to prevent false operation. 

Gun circuits cannot be operated unless the gun is first 
cocked. The current relay will not operate when the main con- 
tactor is closed by operating the gun operating switch unless the 
stud is actually in contact with arc-inducing material and un- 
less the material is in actual contact with the steel plate, thereby 
completing the welding circuit. The timing relay will not operate 
unless the current relay first operates. 


Hydraulically actuated mechanism automatically con- 
trols vertical movement of the spindle carrier, at right, for a Cin- 
cinnati milling machine. Synchronized with the table traverse 
motion it provides for a great variety of milling cuts such as are 
encountered when a projection on part or fixture prohibits the 
work from being advanced directly into the cutter or where the 
cutter must be raised and lowered to jump an cbstruction. Many 
parts for machine guns, automatic rifles and side arms require 
cuts of this type. 

Mechanism consists of a hydraulic cylinder and valving 
mounted in a bracket on top of the machine column. Approach 
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High frequency fusing of tin which has been elec- 
trolytically deposited on steel sheet increases the corrosion 
protection of the coating. Heating the granular deposit to ihe 
melting point in this way fuses it to a smooth even coating. In 
addition to increasing protection, the smooth surface aids in 
handling sheets in high speed canmaking machinery provid- 

y ing better operation of the suction-cup feeding mechanism. 


¥. Shown in the sketch below is a continuous system developed 

Wem i . ~@ by Westinghouse for providing either strip or sheet, electro- 

i plated and fused by this new method. By combining the sys- 

, Be ) tems in this way handling is reduced and thus a better prod- 
tt uct is obtained with less spoilage. 

Frequency of 200,000 cycles a second is considered the 
most practical for tinplate of the order of .008 to Oll-inch. An 
inductor heater coil, rectangular in form and wound as close 
to the strip as possible induces a flow of current across the 
strip. Heat is generated due to the flowing current and to the 
resistance of the strip. Carefully controlled temperature of 450 
degrees Fahr. heats the tin to the melting point and causes 
it to flow into a smooth surface. A water quenching tank 
hardens the tin, reducing the temperature below 100 degrees. 

‘Power is supplied by vacuum tube oscillators. Conven- 
tional current is rectified to direct current and fed to oscillator 

shaft assembly. These selectors, easily tubes where it is converted to 200,000 cycles. Rotating ma- 

replaced to vary ihe cycle, merely select chinery would be limited to less than 15,000 cycles. One plant 

the motions while dogs on the spindle car- is installing oscillator units with 72 times the power of the most 
rier and table govern the length of cut. powerful radio broadcasting station in the country. 


of the cutter to the work may be set at 
rate desired. Return from work is at o 
fixed rapid rate. The synchronized mo- 
tions are obtained by cycle selectors as 
shown above consisting of a simple cam 
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Built-in fire extinguishing units applied as standard equipment on machinery for washing 
and degreasing aircraft are as important as protective equipment for planes, tanks, PT-boats and other 
combat weapons because the highly flammable petroleum solvents employed present one of the great- 
est hazards in the metal working industries. Due to the low flashpoint liquids used, fires are easily 
started and the resultant blazes are violent and hard to control. In the conveyor type washer shown 
below for airplane engine cylinders, carbon dioxide serves as the extinguishing medium. Two steel cy] 
inders containing this inert gas are located at the center of the machine and are piped to hooded noz 
zles at points where fires might start. A Walter Kidde “local application’ system, it utilizes a rate 

of - temperature - rise detector. 
This reacts to a sudden rise in 
temperature by expanding the 
air in the system sufficiently to 
open the valves and discharge 
carbon dioxide. Outside manu- 
al auxiliary valves are also 
conveniently located remote 
from possible danger as an ad- 
ditional safety feature. 
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which need no horizontal run for take- 
off and landing are likely to play an 
important part in the present conflict. Ability 
to dodge in and out among trees, to hover in- 
definitely over one spot, to fly backward and 
sideways as well as forward, and to perform 
other remarkable feats give such craft a mili- 
tary value limited only by the imagination. 
Potential uses in time of peace, particularly 
for private operation and short-haul services, 
are so extensive that it is believed that within 
ten years after the war the manufacture, sale 
and upkeep of helicopters will be a billion- 


BD stich need aircraft or helicopters 


Fig. 1—Top—lIts designer flies the VS-300 up 
to a man unable to move from where he is 
standing, picks up a load, and backs off 


Fig. 2—Below—Diagrams show in succession 
hovering flight, tilting of the rotor head due to 
pushing the stick forward, and inclination of 
the fuselage in forward flight 
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dollar industry. 

While new developments which must for the present 
remain secret for military reasons will undoubtedly pro- 
duce further improvements in handling, it is felt that the 
basic problems of direct-lift flight, including contro] and 
stability, have been successfully solved in the VS-300 heli- 
copter, designed by Igor I. Sikorsky, the noted Russian- 
born aircraft designer, and built by Vought-Sikorsky Air- 
craft. A discussion of the principles of helicopter design 
with special reference to the VS-300 should therefore be 
of interest to engineers. 


How Direct Lift Is Obtained 


Because propeller or rotor thrust in a helicopter must 
exceed the weight of the ship in order to lift it straight off 
the ground, it is natural to question how this is possible 
without a tremendous horsepower per pound ratio, inas- 
much as even our most powerful fighter planes can climb 
only at a relatively flat angle. The explanation lies in the 
fact that the rotor blades are simply wings in which the 
relative air movement necessary to produce lift is the re- 
sult of rotation instead of forward flight. The engine 
merely has to overcome the drag of these rotating wings, 
which is no more than that of a conventional wing. In the 
VS-300, which can lift two men, a 90-horsepower engine 
is sufficient for all normal conditions of flight. 


Fig. 3 —- Above — Successive 
stages from hovering to side- 
wise motion. Similar se- 
quence of attitudes of the 
ship accompanies accelera- 
tion in any direction 


Fig. 4—Right—Precision con- 
trol is demonstrated by 
changing a tire while the 
helicopter hovers in flight 





Design of the main rotor owes much to the successtul 
development of the autogyro with its articulated blades, 
rotor balance, rotor control, etc. The fundamental differ- 
ence is that in the helicopter the rotor is positively driven 
by the engine under all normal conditions. The three- 
bladed main rotor has a diameter of 28 feet and normally 
turns at 280 revolutions per minute when in flight, 
power being transmitted through a reduction gear. An 
auxiliary two-bladed propeller at the tail, Fig. 1, is pro- 
vided for torque compensation and directional control, as 
will be explained later. This propeller, which is 92 inches 
in diameter, rotates in a vertical plane and is driven at 
about five times the main rotor speed through multiple V- 
belts and bevel gears. 

Angle of incidence of the main rotor blades is con- 
trollable within a range of from 2 to 13 degrees, providing 
control of the lifting force and therefore of the vertical 
movement of the ship. A control lever in the cockpit at 
the pilot’s left hand actuates the pitch control, the throttle 
being interconnected so that increasing power is furnished 
to the rotor as the pitch increases without the need of 
manual adjustment of the throttle. 

Prior to taking off, the pilot brings the rotor up to speed 


with the blades at low angle of incidence, then increases 
the incidence until the machine begins to rise. Rate 
of ascent is at all times under perfect control and the ma- 
chine may be stopped in mid-air whenever it has attained 
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Fig. 5—Moment created by control rotor counteracts 
torque reaction from main rotor. Small sidewise in- 
clination of main rotor produces balance force 


sufficient altitude for forward flight. In demonstratiou 
tests it has hovered for more than an hour and a half over 
one spot. 

| To attain forward motion the pilot pushes forward a 
control stick held in his right hand. Effect of this move- 
ment is to change the angle of incidence of the rotor blades 
progressively throughout the cycle of rotation. As each 
blade passes over the longitudinal axis to the rear its angle 
of incidence becomes maximum, the minimum value oc- 
curring at 180 degrees from this position. Thus the lift is 
increased on the blade at the rear and decreased on the 
one at the front, exerting a moment which tilts the rotor 
head forward. This is shown in Fig. 2b, from which it is 
evident that the horizontal component of the lift vector 
will act to propel the ship forward. Another effect of the 
tilting is to create a moment which inclines the ship so as 
to bring it once more into normal relation with the rotor, 
as shown in Fig. 2c, the control stick returning to neutral 
position. With the ship thus inclined the horizontal vec- 
tor component accelerates the ship until balanced by the 
drag due to forward motion. Because the ratio of drag to 
lift is relatively small, the tilting of the ship in forward 
flight amounts to only a few degrees at unifom speed. 





Fig. 6—The VS-300 is about to settle in a water inlet just 
large enough to accommodate the sweep of the rotor blades 


96 





While forward speeds up to 80 miles per hour have beep 
attained with the present model, later designs will pro 
vide for speeds up to 140. 

The principle by which forward motion is_attaine; 
works equally well when it is desired to go backward o; 
sideways. In such cases the control stick is moved in the 
intended direction of motion, thus changing the blade in. 
cidence to minimum in that direction and maximum in the 
opposite direction. Tilting of the rotor disk and then of the 
ship occur exactly as in forward flight. The action js 
shown for sidewise motion in Fig. 3. 

Because take-off and landing normally occur without 
any run, a ship equipped with inflated rubber floats, as jy 
Fig. 1, is completely amphibious and can even land on 
mud or marsh Jand. For land operation exclusively, con- 
ventional wheel-type landing gear as in Fig. 4 permits roll- 
ing on the ground into and out of the hangar. It also 
permits landing with a short run as is desirable in the 
event of engine failure. An overrunning clutch in the 
drive mechanism allows the rotor to continue spinning, 
and the machine then performs as an autogyro. The best 
technique for power-off landing requires that the craft 
glide down with 20 to 40 miles per hour air speed, the 
pilot “flaring out” a few feet off the ground so that the 
impact is reduced to normal aircraft proportions. This 
usually will involve a short landing run of 10 to 15 feet. 
If the pilot cares to, however, he can settle vertically but 
he will sacrifice the advantage of the flare out and wiil 
land with considerable impact. 


Problems of Control Successfully Met 


Directional control and stability were among the most 
difficult problems encountered in early helicopters. Torque 
reaction from the rotor tends to spin the craft in the direc- 
tion opposite to that of the rotor, and to overcome this 
tendency a control rotor is provided at the tail. As shown 
in Fig. 5 the moment of the lateral thrust developed by the 
control rotor counteracts the torque reaction of the main 
rotor. The lateral thrust is itself balanced by an equal 
and opposite force at the main rotor furnished by giving 
the rotor disk a slight inclination to one side as shown in 
the front view, Fig. 5. Pitch of the control rotor can be 
varied at the will of the pilot by means of rudder pedals, 
a change resulting in unbalance between torque reaction 
and control torque which rotates the ship into any direc- 
tion desired. 

Longitudinal and lateral pendular stability are inherent 
in the design because of the high location of the lifting 
force at the rotor in relation to the center of gravity. 

On test flights the VS-300 was flown with equal ease in 
any direction and could rise and descend at any angle 
with the ground. Precision control was demonstrated by 
such feats as are illustrated in Figs. 1 and 4, and by the 
ability to settle in a water inlet just large enough to per- 
mit swinging the rotor blades, Fig. 6. On the water the 
aircraft was found to be more easily handled than any 
other surface vessel and in the air it could be stopped in 
a shorter distance than an automobile traveling at the 
same speed. Because high speed is not essential to its 
operation fog is not the hazard to a helicopter that it is t 
a conventional airplane, and built-up areas, trees, moun- 
tains, etc., do not impede its handling. 
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Fig. 1—Ditficult forging 
problems are worked 
out in engineering con- 
ferences. Wax models 
aid in the design of 
intricate parts 


Applying Forgings in Design 


By Colin Carmichael 


ITH the national requirement for forgings for war 

\ machines beyond the capacity of the industry, 

it is imperative that the most effective use of pro- 
duction facilities be realized. Of equal importance is the 
fullest utilization of forging techniques to save machining 
operations, thus relieving the burden on machine tools. 
A proper understanding of the principles of forging design 
will enable the designer to utilize those features which 
contribute to economy in production, sound parts, develop- 
ment of maximum strength with minimum weight and 
other desired qualities. 

This article, the first of two, summarizes the basic fac- 
tors affecting the design of hammer and 
drop forgings. The second will cover, in 
like manner, press and upset forgings. 

Hammer forgings, also known as smith 
or flat die forgings—produced by turning 
a billet or bar while it is being shaped 
under a steam or air hammer—are em- 
ployed for parts of simple contour such as 
shafts, bars. large crankshafts, rings, flats, 
axles, and die blocks. Remarkably accurate 
smith forgings can be developed using flat 
dies or inexpensive tooling. Simple small 


Fig. 2—Power axle for an industrial truck 
is a heat-treated drop forging. 
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Part |—Drop Forgings 


parts ar similarly produced, blacksmith fashion, with a 
hand hammer or with a mechanically operated helve 
hammer. 

Drop forgings, or die forgings, produced by the forcing 
of the heated metal bar into the two cavities of a die, em- 
brace a wide range of applications including cams, levers, 
gear blanks, connecting rods, crankshafts, and all types of 
highly stressed parts ranging in size from a fraction of a 
pound to 800 pounds per piece. 

Hammer and drop forgings depend on impact to cause 
deformation of the forging blank, while press and upset 
forgings use a gradually applied pressure or squeezing 















force. The effect on grain refinement of the metal, with 
drop forging, depends generally on the amount of hammer- 
ing. Grain flow in both hammered and pressed forgings 
is controlled by proper die design. 

Because the design of a forged part is affected by forg- 
ing technique, the most satisfactory compromise between 
part design and die design for intricate parts is attained 
through engineering conferences, Fig. 1. Use of prelimin- 
ary models aids materially in arriving at the best all-round 
solution. When the part is relatively simple, the designer 
cannot go far wrong if he is able to visualize the forging 
process and pays careful attention to certain factors, the 
most important of which are discussed in the following. 

To allow the piece to separate easily from dies, draft is 
necessary on all surfaces which are nominally parallel to 
the line of action of the hammer. Hot plastic metal tends 
to stick to the dies, the inevitable minute surface rough- 
ness of which tends to aggravate the condition. Draft 
angles should always be kept as small as possible, because 
they almost invariably call for machining operations to 
remove the excess metal. Modern steam drop~hiarmitmérs 
will produce forgings, like automobile crankshafts, with 
1% degrees of draft and board drop hammers will pro- 
duce commercial work with 3% degrees of draft. However, 
in both these cases draft angles may have to be increased 
up to a maximum of 10 degrees to accommodate older 
style forging equipment, especially for intricate forgings. 

If draft is not indicated on the drawing, the forging sup- 
plier will add draft, as shown on the forging at the left of 
Fig. 2. In the example illustrated the outside surface of 
the axle was subsequently machined parallel as shown at 
the right of Fig. 2. Frequently it is possible to avoid add- 
ing metal for draft by decreasing the metal thickness to- 
ward the outer end of the part, and if this can be done 
it should be indicated. Radial draft is provided on the 
ends of cylinders and the like which lie with their axes in 
the plane of separation of the top and bottom dies. The 
end instead of being flat is a portion of a sphere, usually 





Fig. 3—Drop forged steering head for army motor cycle 
combines light weight with high resistance to shock. 
Forging accuracy is of particular importance 
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drawn with a radius equal to twice the cylinder diamete; 
but not dimensioned. 

Closely associated with draft is the selection of the part: 
ing line, or line of separation of the top and bottom dies 
All dimensions of the part parallel to the plane of the 
parting line are maximum in this plane. Draft therefore 
begins at the parting line. While a single plane parting js 
desirable from the standpoint of simplicity, it is by no 
means essential and frequently changes are made in the 
plane of the mating faces. Such dies are called locked 
dies and if more than one change of plane is made it jg 
referred to as a compound lock. Sometimes parts are cocked 
in the dies so that a particular surface may have draft in 
the die yet be perpendicular to the axis of the piece. 

Fillets as large as possible are necessary to assist flow 
of hot metal, to promote economical manufacture, and to 
prevent cracks developing in the part. Large corner radii 
on the piece, corresponding to fillets in the dies, are like- 
wise essential to prevent cracks developing in the dies. 


Avoid Deep Depressions in Parts 


Deep pockets and narrow recesses in the part corre- 
spond to weak protrusions in the die which tend to over- 
heat and fail under the pressure of hot metal during forg- 
ing. A good rule for conventional forgings is to limit the 
depth of a depression or forged hole to two-thirds of the 
least width. 

Projections on the piece such as bosses (length of projec- 
tion less than the diameter) or stems (length of projec- 
tion greater than the diameter) can either project vertical- 
ly into the die cavity or lie parallel to the parting line. An 
example of the latter practice is apparent in Fig. 2, where 
the parting line shows clearly along the sides of the project- 
ing stems. 

Thin ribs or webs generally tend to increase forging 
difficulties, especially in alloy or stainless steels. Thick- 
nesses not less than 3/32-inch to %-inch or more are pre- 
ferred. 

Tolerances and machining allowances should be design- 
ed so that lowest overall cost of the finished part results. 
Close forging tolerance does not necessarily involve a re- 
duction in machining cost, if production time is lost in 
positioning. A part such as the steering head for an army 
motorcycle illustrated in Fig. 3 must be made to extremely 
close tolerances because of the small thickness of metal 
remaining after the piece has been bored out to receive 
the tubular members. 

Die wear is an important factor to consider in selecting 
tolerances. As each piece is formed the impression in the 
die becomes slightly worn so that successive forgings in- 
crease in size. When this increase reaches the upper tol- 
erance limit remachining of the die impression is neces- 
sary, the die being initially machined to dimensions corre- 
sponding to the lower tolerance limits on the piece. By 
specifying largest possible tolerances more parts can be 
produced without resinking the dies, thus reducing cost. 

Regular standard tolerances adopted by the Drop Forg- 
ing association are classified as “commercial” for general 
forging practice and “close” where high accuracy is de- 
sired, involving additional expense. Thickness tolerances 
apply to dimensions perpendicular to the parting plane and 
are standardized according to the net weight of the piece. 


a 
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Close tolerances are half the commercial tolerances, thus 
require resinking approximately twice as often. Width 
and length tolerances, for dimensions parallel to the part- 
ing plane, are affected by shrinkage, die wear, mismatch- 
ing and trimming. Shrinkage and die wear tolerances 
apply only to dimensions wholly within one half of the 
piece, that is, they do not include dimensions which cross 
the parting line. Shrinkage tolerances are based on the 
dimensions to which they apply, and are plus or minus 
03-inch per inch for commercial and half this value for 
close tolerances. Die wear tolerances are based on the net 
weight of the piece as in the case of thickness. Mismatch- 
ing is the relative displacement of upper and lower dies 
from their correct position, and mismatching tolerances 
are therefore independent of and in addition to any other 
tolerances. They are based on the net weight of the part. 
Draft angle commercial limits are 0 to 10 degrees for out- 
side surfaces and 0 to 13 degrees for inside holes, the 
corresponding close limits being 0 to 8 degrees in each 
case. These can be materially reduced using modern equip- 
ment. Trimmed size tolerance is determined by the sum of 
the draft angle tolerances and the shrinkage and die wear 
tolerances. Fillet and corner radii in excess of certain 
standard values based on net weight of the part are con- 
sidered special. 

Trimming the flash from the forged piece is an essen- 
tial operation in the production of drop forgings and is 
generally done on an adjacent press using special trim- 





Fig. 4—Typical of aircraft drop forgings is this main 
frame cross tie 


ming dies. In normal trimming the part is trimmed to 
the dimensions determined by the intersection of the 
draft surfaces and the parting line of the forging dies. 
Close trimming may be used to give increased accuracy 
to certain dimensions by shearing off a small portion of 
the forged body. Before specifying a close trim the de- 
signer should consult with the forging engineer, as in some 
cases it may cause difficulties. 

Supplementing the essential processes of forging and 
trimming, several refining operations can be performed 
which improve the quality of the part. An extra degree 
of accuracy and finish may be secured by subsequent coin- 
ing or sizing on a special press or hammer and often done 
cold. With coining, tolerances on certain dimensions are 
commonly held to about one-half the close tolerance 
limits. With this accuracy, some machining operations 
may often be eliminated. Ironing also imparts smooth sur- 
faces and a high degree of accuracy, and may be used for 
such modifications as the elimination of draft on certain 
surfaces. Planishing, which is a combination of ironing 
and sizing, secures smooth surface and accurate size on 
cylindrical and spherical surfaces. 

When a complex part is required, forging cost may 
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Fig. 5—Control of grain structure at points subject 
to wear is important in forged typewriter parts 


often be reduced and other manufacturing economies de- 
veloped by fabricating the piece in two or more separate 
forgings, subsequently joining them by arc or flash weld- 
ing. Another use of welding is in the production of ex- 
haust valves for diesel engines, the head being forged 
separately and welded to a stem cut from bar stock. In 
this case different materials were used for the two parts, 
to meet the separate conditions of heat resistance and wear 
resistance respectively. For large pieces produced in small 
numbers, such as hammer forgings, smith welding the 
parts together under a hammer at welding temperature is 
of course a commonly used method. 

Heat treatment is frequently an essential step in de- 
veloping the maximum physical properties of the forged 
piece. Normalizing and annealing relieve internal strains, 
improve machinability or precede further treatment. 
Quenching and tempering provide control over strength, 
hardness, ductility and toughness. Materials such as low 
carbon steels and certain nonferrous metals which are 
not susceptible to heat treatment may have their physical 
properties improved by cold work in the form of shaping 
or sizing subsequent to hot forging. 

Due to the extension of the metal grains in the direc- 
tion of rolling, billets or bars from which forgings are 
made have a fibrous structure which gives marked direc- 
tional properties, chiefly in impact resistance. Advantage 
is taken of the changes in direction of the fibers due to 
forging to secure in the finished parts maximum toughness 
in the direction in which it is most needed. This applies 
equally to the larger forgings such as the aircraft main 
frame cross tie, Fig. 4, and to small parts used in type- 
writers and office machines, a group of which is illustrated 
in Fig. 5. Many of these parts weigh less than a pound, 
yet the directional properties are stil] present. 

In the concluding article fiber direction will be further 
discussed in relation to upset forgings. Other topics to be 
covered include press forgings and the commonly used 
forging materials. 

MacHINE Desicn acknowledges with appreciation the co- 
operation of the following in supplying material used in the 
preparation of this article: Chambersburg Engineering Co.; 
Heppenstall Co.; Kropp Forge Co. (Fig. 4); The Steel Im- 
provement & Forge Co. (Fig. 1); J. H. Williams & Co.; and the 
Drop Forging Association (Figs. 2, 3 and 5). 
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Fig. 1—Vectors denote 
relative positions and 
relative velocities of 
points in a mechanism 





How Acceleration Analysis 


Can Be Improved 


Part | 


By A. S. Hall and E. S. Ault 


Purdue University 


r i NO INSURE trouble-free operation of high-speed 
mechanisms, correct acceleration analysis of moving 
parts is of prime importance. While widely used 

graphical methods based on acceleration polygons or 

“images” furnish, in general, accurate results with mini- 

mum time and effort, for certain types of mechanisms an 

important factor enters into the analysis which too often 





Fig: 2—Relative velocity vectors (a) and acceleration 
vectors (b) shown for two points on the same link 
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is neglected. Known as Coriolis’ law of acceleration, this 
effect is usually discussed in textbooks in such a manner 
that its practical significance is obscured. 

Coriolis’ law is simply an expression for the relative ac- 
celeration between coincident points on different bodies 
moving independently. For example, in studying a mech- 
anism in which there occurs as part of the linkage a pin 
on one link working in a slot of another link, it is necessary 
to know the relation between the acceleration of the center 
of the pin and the coincident point of the slotted mem- 
ber in order to construct correctly the acceleration polygon 
for the mechanism. This knowledge is frequently needed 
to find angular accelerations. 

The purpose of this article is to develop briefly the de- 
rivation of the relations necessary for the analysis of plane 
motion in mechanisms, giving particular attention to the 
derivation and application of Coriolis’ law. Interest in this 
relation is not confined to the study of rigid link mechan- 
isms nor to plane motion. It also enters into an explanation 
of the forces exerted by a fluid on the vanes of centrifugal 
pumps and hydraulic couplings. 


Distance and Direction Define Relative Motion 


Motions of the links of a mechanism are completely 
determined by the motions of a few key points. The fol- 
lowing discussion is based on the concept of the relative 
motion of two distinct points as a function of the distance 
between them and of the absolute angular motion of the 
line connecting them. If at successive time intervals it is 
possible to state the distance between two points and the 
angular position of the straight line connecting them, then 
the motion of one relative to the other is completely de- 
termined. 

The position of one point relative to another is a vector 
quantity having a magnitude equal to the distance between 
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the two points and directed from the second toward the 
frst. In Fig. 1a the position of point C relative to point O 
is the vector OC having a direction given by the angle 6 
measured from a fixed reference line. Using the complex 
notation for a vector quantity the position of C relative to 
Sto = [OC]e#, where the symbol [OC] denotes 
the length of the vector. Both the magnitude of the 
vector OC and the direction angle @ may be variables. In 
this expression, e is the base for the natural logarithms and 


Pco = Psot+—Pcpr, or 


OCle*s = |OBle* + (BCle® --- ae AD 


Fig. 3—Points O, 
C, and P are on 
the same body, 
point p being on 
another link and 
coincident with P 
at the _ instant 
shown 





i = \/—1. It is worth noting that when three points O, B 
and C are under discussion the following statement is true: 
“The position of C relative to O is equal to the position 
of B relative to O plus the position of C relative to B.” 
Referring to Fig. 1c the same statement in symbol form is 

The velocity of one point relative to another is the time 
rate of change of relative position and is a vector quantity 
which can be obtained by taking the first derivative of the 
relative position vector with respect to time. 


d d : de . al[Oc| 
Veo =—- (Pe = id) — eel 16 a 
ce co) = ({OCle**) =i[OC]e ate di ; 


dt (2) 


Referring to Fig. la, d@/dt is the angular velocity of the 
vector OC, usually designated by the symbol w, and 
d[OC] /dt is the time rate of change in length of vector 
OC. The velocity of C relative to O is then the sum of two 
components, [OC] perpendicular to OC and d[OC] /dt 
parallel to OC. In the special case illustrated by Fig. 1b, 
O is the center of curvature, at the instant, of the path fol- 
lowed by C relative to O. d[OC] /dt is therefore zero 
and Vg is simply [OC]w, in the direction as shown if 6 
is increasing (i.e. if » is counterclockwise), and in the 
Opposite direction if 6 is decreasing. 

Of particular interest is the relative velocity between 
two points on the same rigid body. In Fig. 2a, Vp-p = 
[CB] where » is the angular velocity of CB and there- 
fore of the body. 

If three points, not necessarily on the same body, are 
under discussion, the relation between their velocities, ob- 


tained by differentiating Equation 1 with respect to time. 
is 7 


Vco= Va0+— Ver aboot ee 
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Often it is necessary to know the relative velocity be- 
tween coincident points located on different bodies mov- 
ing independently. In Fig. 3 the irregular outline repre- 
sents a body in plane motion, O being any point of that 
body, p is a point in motion relative to the body and 
tracing on the body the path with instantaneous center of 
curvature C, and P is the point on the body coincident 
with p at the instant. Expressions similar to Equation 3 may 
be written 


V,0o= Vcot+t— Vic 
Vy,o= Veo+— Vor 


Solving simultaneously for V,p 
V»p= Vco+— Vic—— Veo 
d d d 
= —((OCle —([Cple'*) — —({OPle*) 
= ((OC\e*)+ = ({Cple a le 


dp 


‘ . do ; 
‘i hese Cple'’*— — ilOPle*®— 
i{OCl}e , ra Die : 1 le ' 


But dg/dt — d6@/dt since OC and OP are both lines fixed 
to the body. Then 


de d 
V,p=i((OCle*— |OPe'® ) <+iCple 


But from the figure [OC Je# — [OP]e#® — 
at the instant considered, therefore 


— [Cplet 


do de 


Vie=ilCple'*( -'?, 


Denoting d¢/dt by w’, the angular velocity of [Cp], and 
dé/dt by w, the angular velocity of the body, 


V,p=[Cp](w’—w) (4) 


perpendiculuar to Cp. Particular attention should be given 
to Equation 4. It is a common error to confuse the velocity 
of p relative to the coincident point of the path (point P) 
with the velocity of p relative to the center of curvature 





Fig. 4—Direction of Coriolis component is shown in 
relation to relative linear and angular velocities 
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of the path (point C). Comparing the two, V,» = 
[Cp] (w — w) and V,. = [Cp](w’) If the body is 
stationary or has a motion of pure translation then » — O 
and the two are identical, which is the cause of the con- 
fusion. 

The acceleration of one point relative to another is the 
time rate of change of the relative velocity, and is a vector 
quantity obtained by taking the first derivative of the 
relative velocity vector with respect to time. Referring 
again to Fig. la 














ay? .. 80  . ,/ d(OC| 
= 16, i6 ié 
ane ai a ( dt )( dt ) 


+e( d{OC} )+i en(=)( d{[OC} ) 
dt? dt dt 


9 


dé \? d’6 
=— #¢{ — }) +7/0C]le*—— 
{[OCle (+) i[OCle ae 








: __4do\/dOC]\  . a{OC} 
eS ie. it (5) 
vo (F)( dt )+e dt? ; 


In the special case of Fig. 1b where O is the center of 





Fig. 5—Vectors show how skater on a revolving rink is 
affected by forces due to the Coriolis component 


curvature of the path of C relative to O at the instant under 
consideration, d[OC]/dt = O, and d*[OC]/dt? = O, 
then 


2, 


doy? a9 
Aco=—[0Cle*() +i10Cie* Fee (6) 





where d?6/dt? is the angular acceleration.of OC, usually 
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designated by the symbol z. Then 


Aco=[(OC]w+—|OCla ........ ” 
The negative sign of the first term of Equation 6 shows 
that the component [OC ]w? is directed from C toward 0, 
normal to the relative path. It is therefore called the 
normal component of relative acceleration, A"... The 
component {OC ]z is tangent to the relative path and js 
called the tangential component of relative acceleration, 
Atco. It is in the same direction as Veo if Voo is in- 
creasing, in the opposite direction if Veo is decreasing, 
Equation 7 may be written Agog = Ao +-— Ato. It 
should be noted that since Veg — [OC]w, the normal 
component of relative acceleration may be expressed in 
any of the following ways: 


A"co=[OC]w?= (Veow) = Veo"[OC] .......... woeeas ee 


Equation 7 applies directly to two points located on the 
same rigid body. In Fig. 2a, 


Asc= A"sc+— A'sc=[(CBlu*+—[CBla 


where » and g are, respectively, the angular velocity 
and angular acceleration of the body. 
Upon differentiating Equation 3 with respect to time 


Aco= Azpot+t—Acp .. OnE aes Res OR Te aera ee 


Equation 4 gives the relative velocity between coin- 
cident points located on different bodies. For the relative 
acceleration between coincident points an analogous ex- 
pression is needed. In Fig. 3, from Equation 9, it is pos- 
sible to write: 

A,»o= Acot— Apc 
also A,»o= Apot—A pp. 
Then A,p= Aco+— A »e—— Apo 


=[OC]u*+—[OC]a+—[Cp] (w’)?+—[ Cpa’ 


4+ [OP |u?+—[OP a 
Since [OC] — [OP] — — [Cp] the above expression 
becomes 
Amt! —<)4 AON) ................-88 


After substitution of (w’ — ) + w for w Equation 10 
reduces to the following more convenient form: 


A,p=[Cp] (a! —a) + Cp] (w’—w)*4+—2[Cp] (w’—w)e . (12) 


Since, from Equation 4, V,p-—= [Cp] (w’ — w) this can 
be written 


App=[Cp] (a! —a)+>[Cp] (w’—w)*+2Vppw ......-- (12) 
(Continued on Page 162) 
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Simplifying Design 


of 
Volute Springs 


By A. M. Wahl 


Westinghouse Research Laboratories 


ECAUSE of increasing use, particularly in the military field, the volute 
B spring has reached a position of importance in design. Formerly the 

complexity of formulas available, due primarily to the non-linear load- 
deflection characteristic, has involved a great deal of work in developing 
such springs. In this article, equations and curves will be presented which 
provide for quick and simple calculations. 

In manufacturing volute springs, a relatively wide and thin bar or 
blade is wound on a mandrel to form the shape shown in Fig. 1 and indi- 
cated by the cross section in Fig. 2a. Such a spring will have a constant 
helix angle and a variable coil radius. The plan view is shown in Fig. 2b 
and the developed shape in Fig. 3. When axially loaded the elements of the 
spring are subject to torsion stress in essentially the same manner as a rec- 
tangular bar helical compression spring. In the latter figure the constant 
helix angle z is indicated for the unloaded condition while the shaded areas 
near the ends represent inactive turns. These are also indicated in Fig. 2b. 

Among the advantages of this type of spring are the following: Com- 
pactness, ease of manufacture, damping produced by friction between turns, 
a spring rate which increases at high deflections and thus tends to protect 
the spring against overload. These advantages are partially offset by an un- 
favorable stress distribution within the spring which tends to lower the en- 
durance or fatigue strength. 

The curved, load-deflection characteristic of volute springs is due 
primarily to the fact that above a certain load the coils are apt to “bottom” 
or to come in contact with the supporting plate. This bottoming reduces 
the number of active ‘coils as well as their average radius, thus increasing 
the spring stiffness. 

Method of calculation presented herein is based on the assumption 
that each element of the volute spring may be considered a portion of an 
axially loaded helical spring of the same coil radius and having a rectangu- 
lar cross section’. Friction between adjacent coils is thus neglected; also 
certain additional or secondary stresses are present which are difficult to 
calculate. Some of these additional stresses arise from the fact that the 


resultant load P (Fig. 2a) in general will not be axial as assumed in the 


calculations but will be displaced from the axis of the spring, thus giving 
rise to additional stresses caused by this eccentricity. In addition, certain 
Stresses known as cone and arch stresses are present which may modify the 
results?. For calculating deflections, the present method is probably close 


«@, For a comprehensive discussion of volute spring calculations, see article by B. Sterne, 
Characteristics of the Volute Spring,” Journal S.A.E., June, 1942, Page 221. See also paper by 
O. Fuchs, “Notes on Secondary Stresses in Volute Springs,” presented at the 1942 annual 


‘ASME, meeting. 


*See paper by Fuchs, listed in Footnote 1. 
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thoto courtesy Baldwin Loco. Wks. 
Fig. 1—Advantages of volute spring for 
military equipment include damping 
characteristics and increasing stiffness 

under high loads 


Fig. 2—-Sectional views of a volute ‘spring 
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enough for most practical purposes but it should be borne 
in mind that the stress calculations are only approximate 
and may require modification when more data are avail- 


able. 


BoTToMING Loaps: Referring to Fig. 4 which repre- 
sents the developed center line of the blade of a volute 
spring, the spring at zero load is indicated by the line AB. 
In this the ordinate represents the height of the blade 
center line, and the abscissa the distance from outer end 
A. At moderate loads before the outer end starts to bot- 
tom, the developed length will be represented by the 
dashed line AE, while at heavy loads when a portion AC ot 
the outer coil is bottomed the developed length is repre- 
sented by ACD. 


Stiffens with Increasing Load 


Up to a certain load P, (which will be called the initial 
bottoming load) at which the outer coil just starts to bot- 
tom, the load-deflection characteristic will be a straight 
line as indicated in Fig. 5. Above this load, as the coils 
bottom, the spring becomes stiffer as indicated and the 
load-deflection characteristic curves upward. 

In calculating the initial bottoming load it will be as- 
sumed that the coil radius r at any angle @ from the built- 
in outer end A (Fig. 2b) may be represented approxi- 
mately by a spiral. This will be sufficiently accurate for 
most practical purposes. Thus 





B@ 
a me nc cc ke ercreeicie noes csvetcovcuuvesee (1 
‘ n( <) t) 
where 
B= SN RE ei hee ee a (Zz) 
To 


r,, 7; are the radii at the beginning and end, respectively, 
of the active portion of the spring (Fig. 2) and n is the 
number of active coils. 

The deflection per turn of a helical spring of narrow 
rectangular cross section, where the long side of the section 
is parallel to the spring axis and where the width b (Fig. 
2a) is greater than 2.7h, as is usually the case in volute 
springs, is given with sufficient accuracy by the following 
equation’: 


3 
i= + 2 eR ee ee (3) 


Gon(1 ‘é 63 








ar See writer’s article, MacHINE Desicn, April, 1938. 
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Fig. 3 — Developed 
volute spring indicat. 

ing inactive and active 
|B lengths of spring 


INACTIVE 
- C1 


where P = load on spring, h = thickness of blade, b = 
blade width, G = modulus of rigidity, r = coil radius. 

In a small angle d@, the increment of the deflection dj 
will be equal to §, multiplied by d@/27. Hence, using 
Equation 3 


dé 3Pr°dé 
ds=5,——_= “9 Sa 


- Gon(1 7 63) 





In this r = mean coil radius at angle @ (Fig. 2b). 
From Fig. 4, bottoming of the outer coil may be expected 
to start when the slope d§/ds at the outer mean radius r, 


— 


IGHT OF BLADE 


Ww 
Ir} 


S = LENGTH ALONG COIL 





Fig. 4—Development of center line of volute spring at 
various loads. At heavy loads spring bottoms between 
% and r, 


(Fig. 2) is equal to the tangent of the helix angle z, or 


when 
( ) 
—_ = tana 
ds / ,=r, 


Since a is usually small in practical volute springs the 
tangent of the angle may with sufficient accuracy be taken 
equal to the angle in radians. Taking ds = rdé and tan 
% = a, this condition becomes 


dé 
—- acts deel sid So echd aces ae wer (5) 
a.. eins 


Putting r = r, in Equation 4, and substituting in Equa- 
tion 5, the initial bottoming load P, becomes 


h 
Gbhia( 1 - 63) 


P,=———_—_—_ ................. . . (6) 
’ 3re? 
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In this the helix angle a is expressed in radians (degrees 
divided by 57.3). 

DEFLECTION WHEN P < P,: To calculate the deflection 
§ for loads P that are less than the initial bottoming load 
P,, Equations 1 and 4 may be used. Substituting the 
value of r given by Equation 1 in Equation 4, the incre- 
ment of deflection becomes 


86 \3 
sPr3(1— dé 
ni ( 2 ) 


wh 








d6=—-—— 

h 
*bh?(1 - .63;-) 
Gon'( ; 


Integrating this between the limits 6 = 0 and 6 = 2zn 
where n is the number of active coils, the total deflection 
(for loads under the initial bottoming load) may be ex- 
pressed as 


P 
bas, (2enreaK,) , when P<P, Tree rere rT ree wy a ae (8) 
where « == helix angle in radians, P, is given by Equa- 
tion 6, and 
tnt ~ e-= 9 
=i =— 2 — ae MRR Reese Rehp ess eee ee (9) 


Values of K, are plotted as functions of B = (r,—r;) /r, 
in Fig. 6. The values of r, and r; in this expression depend 
on the design of the end coils (Fig. 2). Where these lat- 
ter are tapered as indicated in Fig. 2, three-fourths turn at 
each end is frequently considered inactive, but this figure 
may be changed as further test data become available. 

Thus to calculate deflection at any load P less than P, 
the simple formula of Equation 8 may be used, the value 
K, being read from the curve of Fig. 6. 


DEFLECTION FOR LOADS ABOVE INITIAL BOTTOMING 
Loap P,: Where the load P is above the bottoming load 
P,, the deflection § may be considered as composed of two 


FINAL BOTTOMING LOAD 





Fig. 5—Load-deflection characteristic of volute spring 


parts, e.g., a part §’ (Fig. 4) due to the compression of the 
bottomed portion AC of the spring and a part 8” due to 
the deflection of the free portion CD. Assuming that the 
coils have bottomed to a radius r’ and angle @’ as indi- 
cated in Fig. 4, then from the condition d§/ds = at the 
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radius r = r’ and by proceeding as before the following 
is obtained: 


y aGon(1 7 63+) 


_ 3P (10) 





In this, c’ = 2r’/h = spring index at r = 1’. 
Also by taking r = 1’ and 6 = @' in Equation 1, the 
angle @’ may be expressed as follows: 





2rn c’ 
= (-<)... ; (11) 


B Co 
where c, == 2r,/h = spring index at r = r,. 
Assuming as before that tan « = a, the deflection 8° is 
given by 


6’ 
v= f eee ; = (12) 
0 


Using Equation | in this and integrating, 


6’ 
s’=ara’(1- ) aie (13) 


4nn 





By using Equations 6, 1J and 11 this equation may be 
expressed in terms of the ratio P/P, as follows: 


Taryn P, 
6’ =———_ { 1 - —__} ... (14) 
B ( P ) | 


The deflection §” will be obtained by summing up the 
elementary deflections d§ between the limits 6 — 6’ and 
6 = 2nn Thus, using Equation 7, 





(15) 
/ Gbh3(1—.63h 7b) 


nf” 3Prii( 1-80 /2nn ido 

Integrating this, simplifying and adding to the value 
of §’ given by Equation 14, the total deflection § becomes 
cor F > P,: 





Fig. 6—Curves for finding factor K, as function of B 
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Fig. 7—-Curves for finding factor K» 


r - 
6=6'+6" =2rnna (| -~K, i =) a Sa ie eae Le (16) 
P, B 


where K,, is a function of the ratio P/P,. 


1/P,  P 
Pom -($3 --1). 
QP 9p, 


Values of K, are given as functions of P P,, in Fig. 7. 
By using this curve and that of Fig. 6, the deflection at 
any load P may easily be calculated. In this manner the 
complete load-deflection characteristic of the spring may 
be obtained. 

To find the load P, at which all coils bottom the pro- 
cedure is as follows. From Equation 10, by using the ex- 
pression for P, given by Equation 6, 


Bottoming of all active coils will occur when r’ = 1; 
and P = P,. Using Equation 18 and taking @ = 
(r, —r;,)/r, the final bottoming load P,, becomes 


P,= eas -=P,(~) 
(1—B)? W; 


The deflection §, at the load P, is obtained by taking 


4 MACHINE Desicn, April, 1938. 
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@ == 2rn in Equation 12 and integrating, using the value 
of r given by Equation 1. This also gives the difference 
between free and solid height: 


warn (7) 
um fan(1 _ $-)do=2enra(1 ~ +) (20) 


Solving this for z the helix angle in terms of 8, 1s 


bs 
a=- rer * ; . (21) 


2anr(1 —_ =.) 


Since the free and solid heights of the spring are known, 
the helix angle « (in radians) may be calculated from 
this equation. The deflection §, at which initial bottom. 
ing occurs is obtained from Equation 8 taking P = P.. 
This gives 





6,=2rnnak, oie (22) 


To construct an approximate load-deflection curve for 
any spring it is only necessary to calculate P,, P,, §, and 8, 
from Equations 6, 19, 20 and 22. A straight line is then 
drawn between the origin and point A representing P, and 
5, (Fig. 5). Point B (representing P, and $.) is connected 
to A by a smooth curve concave upward. For greater ac- 
curacy, if desired, additional points on this curve may be 
calculated from Equation 16. Thus the load-deflection 
diagram may be determined simply. 


Stress Calculations Are Approximate 


Srress: To calculate the stress, the formulas for rec- 
tangular bar helical springs will be used, modified to ap- 
ply to the volute spring. As mentioned previously, these 
stresses should be considered only as first approximations 
because additional secondary stress usually will be pres- 
ent. Where the load P is less than the initial bottoming 
load P,, the peak stress will occur at the maximum radius 
r=r,. Using the approximate equation for a rectangular 
bar spring with b > 3h and with the long side of the rec- 
tangle parallel to the spring axis as given in a previous 
article, the maximum shear stress 7 (where P = P,) be- 
comes 


3P(c+1) 

pihcncieatea ae when P<P. (23) 
2hb(4 — .63— 

In this c, = 2r,/h = spring index at r = r,. Where 

h/b is small, i.e., where the blade is wide compared to the 

thickness, the term 1 — .63h/b may be taken as unity. 


This gives, approximately, 





= 3P(ot+1) SORA: (24) 
2hb 
Where P > P, the maximum shear stress 7 will occur 
at r = r where @’ is the radius at which bottoming occurs. 
Thus Equation 23 may be used, putting c, = c’ where 
c’ = 2r’/h = spring index at r = 1’. This gives 
3P (c’+1) ; 
T=— 3 , when P> P, rer (25) 


- h 
2hb(1 — 63) 
nb( : 
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Since from Equation 18, c = c, \ P,/P, by substitu- 
tion of this in Equation 25, the stress at any load P (for 
P > P,) becomes 


sP( oy 5 +1) 


———-..... Sinise eee 
h 
‘ 1— .63— 
2ab( ;) 


When final bottoming occurs, the load P = P,,. Using 
the value of P,/P, given by Equation 19 in Equation 26 
the peak stress 7, at the final bottoming load P, may be 


o—_— 


expressed by 


3P2( Ci +1) 


A 
2 “ 635) 
po( 1 : 


where c; == 2r;/h = spring index at r = rj. 

Substituting in this the value of P, given by Equation 19 
and the value of P, given by Equation 6, the stress 7, for 
final bottoming reduces to the simple expression 


econ lcd (28) 


egal ia 7 ili Se SOL. e- . TLE TLe TTC 


ci 


These formulas include the effect of bar curvature. If 
it is desired to neglect this effect where static loading is 
present, the calculation may be made using the same 
equations (23 to 28), but reducing the expression in the 
parenthesis of the numerator by unity. (Thus in Equa- 
tion 23, to do this c, is taken instead of c, + 1 in the 
numerator). For most volute springs this will not make 
a great deal of difference, however. 


Application to Practical Design 


EXAMPLE: As an example of the use of these equations 
in practical design a volute spring with the following 


dimensions may be considered: r, = 2%-inch, r; = 1%- 
inch, h = %-inch, b = 5-inch = solid height, free 
height = 74-inch, c, = 2r,/h = 20, c¢ = 2r;/h = 
10,n = 4 = number of active coils, 8 = (r, —1;)/r, = 
5. 


The solid deflection §, will be the difference between the 
free and solid heights; thus 8, = 2%-inch. From Equation 
21 the helix angle g is 


“e 2.5 
a ae eee ————— = ,0531 radians 


, ( ‘ ~ 2X 4X 2.5X.75 
Tnry 


Taking G = 11.5(10)°® for steel, the peak shear stress 
with the spring solid becomes, from Equation 28, 
2X11.5X (10)*.0531 X11 


om . —_———=135 i 
T: “10% 000 psi 





The initial bottoming load P, is, from Equation 6, 


11.5X (10)°X‘5 x (.25)*.0531X.969 
Pig ee ee 2000 


3(2.5)? 





Shear stress at the initial bottoming load P, from Equa- 


Macnuine Destcn—February, 1943 


tion 23 is, 


3X 2460X 21 


= 64000 psi 
2X.25X5X.969 an 


™)\=— 


From Equation 19 the final load P, is found: 


2460 
P,= (5 9840 lb 


The deflection §, at the initial bottoming load P, is given 
by Equation 22, using the value of K, — .47 given by Fig. 
6 for 8 = .5. This gives 

6:= 2anrnaK,=27X 4X 2.5X.0531X.47=1.57 in. 


The value §, for the final bottoming load P, will be the 
difference between the free and solid height, ice., .. = 





Fig. 8—Load-deflection and load-stress curves for volute 
spring. P, and Py, are initial and final bottoming loads 


7.5 —5 = 2.5-inch. Knowing 6,, 8,, P,, and P, a load de- 
flection curve similar to Fig. 5 may be plotted for this 
particular spring. A similar load-stress curve may be 
plotted, since the stress will vary linearly with load up to 
the initial bottoming P,. The stress at any load between 
P, and P, may be calculated from Equation 26. In this 
manner the complete load-stress and load-deflection dia- 
grams as given in Fig. 9 are obtained for this case. From 
these diagrams, if desired, a stress-deflection curve may 
also be plotted. 


Correction: In the article “Bearing Design as Affected 
by Lubrication Theory” (M. D., January, 1943), Equa- 
tion 2 on Page 78 should read: 


D 2 
we ae (2 
emi t2 (=) ) 


Broken type caused an error to appear in a number of 
copies. Term D/B should be squared as shown. 
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Fig. 1—Spiral bevel gearing for a truck rear axle assembly 
employs nine parts of NE 8720, carburized and hardened 


Fig. 2—Double-reduction, two-speed gear unit utilizes fifteen 
parts of carburized and hardened NE steels 





By Roy W. Roush 


Metallurgist 
Timken-Detroit Axle Co. 


steels, much emphasis is placed on hardenability. This 
provides a rapid and convenient means of determining 
the hardening properties and a first indication of the possibili- 
ties of any steel, but to draw all conclusions on the basis of 
hardenability is neglecting the important consideration of 
ductility. 
It is generally conceded that a steel will perform best if it 
has been hardened all the way through to its maximum hard- 
ness, and then tempered back to the hardness desired. As 


A S A MEANS of evaluating the National Emergency 


°*From a paper presented before the S.A-E. Detroit meeting, January 13, 1943. 
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Evaluating 


NE Steels’ 


tensile strength is closely proportional to hardness, 
it can be said that hardenability is a measure of 
strength, or rather the capacity for strength, espec- 
ially of different portions of a cross section. The 
elastic limit and endurance limit are proportional to 
hardness provided initial hardening was complete, 
but are not always consistent after incomplete 
initial hardening. 

Hardenability tests have been an efficient yard- 
stick in building the NE steel specifications and are 
probably the only ones suitable, but the real value 
of a steel must be confirmed by laboratory and 
performance tests. This is being done as rapidly 
as possible, and steels not satisfactory are either 
being altered or deleted. 

By far the most popular of the NE steels have 
been the 8600 series and the 8700 series. In the 
carburizing grades either makes good gears. While 
there are only five points difference in molybdenum, 
the 8700 series is probably better for heavy-duty 
gears. The 8630 is used for a number of structural 
parts. It can be water-quenched and, between 200 
and 400 brinell, shows good fatigue properties. 

The extremely critical condition in molybdenum 
has forced greater reductions in this element and 
the 8700 series except for the 8720 is being deleted. 
The 8817 and 8949 and also the 8547, 8339 and 
8442 likewise have been deleted as a molybdenum 
conservation measure. 

From actual production experience with NE 
steels, there have been a few cases reported of 
flakes or bursts in large forging bars. A condition 
remedied by slow cooling after rolling. Mills have 
learned that the same care and slow cooling re- 
quired for the S.A.E. alloy steels are required for 
the NE steels. In forging there has been no great 
difference between the old S.A.E. alloy steels and 
any of the NE steels. 

A number of manufacturers have reported no 
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difference in !né ichining between the NE steels and 
the former S.A.E. steels Large lots, in some cases, 
have gone through production lines without the 
operators knowing there had been a change in 
materials. In the Timken-Detroit plant approxi- 
mately 100,000 spiral bevel rear axle drive gear 
sets, Fig. 1, have been made from NE 8720 steel, 
involving some twenty 100-ton heats. Machining 
tests show little difference, in the number of gears 
per cutter grind, between SAE 4620 and 4120 and 
NE 8720. In hobbing splines from NE 8744, with 
hardness between 400 and 444 brinell, a slight re- 
duction in pieces per grind and pieces per cutter 
was encountered in comparison with SAE 3240 
and 4340. In Fig. 2 is shown a double-reduction 
two-speed gear unit in which NE steel is utilized. 

At hardness of 200 to 350 brinell, machining of 
NE steels in general is comparable to the corre- 
sponding S.A.E. grade: 


NE STEELS COMPARABLE S.A.E. GRADES 
8630 3130 and 4130 
8735 to 8740 3135 and 4140 
8740 to 8745 3240 and 4340 


For structural steels, both oil and water harden- 
ing, a large tonnage of the 8600 and 8700 series 
has been used. In the manganese-molybdenum 
grades NE 8339 and 8442, although now deleted 
from standard lists, have been used extensively. 
Also the use of 9442 for a number of parts is in- 
creasing. In the hardness range 200-400 the avail- 
able physical properties show that all of these steels 
are satisfactory, with good strength and toughness. 


Welding Compares Favorably 


Considerable work has been done on different 
types of welding on a limited number of NE steels. 
NE 8630 seems to be one of the best suited. It 
has replaced 4130 in a number of applications. 
Aircraft tubing has been welded successfully, both 
by oxyacetylene gas flame and metallic arc. The 
same general technique can be used for either steel. 
Using a mild steel rod, the maximum hardness 
reached in the heat-affected zone is approximately 
the same for both steels. Warping and shrinking 
characteristics are similar, likewise susceptibility to 
cracking. The tensile strength of welded joints, both 
as welded and heat treated, is equivalent for both 
steels. Each fails in the same manner. While the 
8630 is the only NE steel on which an appreciable 
amount of welding information is available, it is 
estimated that 9430 will show comparable results. 

No discussion dealing with steels, poor in alloy, 
would be complete without considering the effects 
of special alloy addition agents. After about four 
years of experience with a vanadium-type additive 
treatment in the carburizing and structural grades 
of steel, showing unbelievable results, this company 
could not sit back and think of it all as just a memory. 
Since vanadium has been restricted the use ot 
these specially treated steels has been continued. 
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We believe today that a proper alloy addition agent will 
give to the 9400 series the qualities which will make it 
a high-grade steel. Recently, one heat of 9420 modified with 


Fig. 3—Hardenability curves showing the effect of reducing the 

molybdenum content of NE 9420 and NE 9430. Chemical 

compositions for the various test bars are shown in the 

tabulations. Jominy L-type bars, not normalized, quenched at 

1650F were used for the 9420 tests. Similar type bars were 
used for the 9430 tests 
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an additive treatment which was made into spiral-bevel, 
rear-axle drive gears passed maximum requirements on 
the dynamometer test. 

A good report was received from a large automotive 
manufacturer on dynamometer testing of carburized and 
hardened transmission gears with following specifications: 
Pitch, No. 5; pressure angle, 20 degrees; tooth width, 
9/16-inch; ratio, 15 to 25; chamfer, none. Gears were 
carburized, direct quenched and tempered at 380 to 400 
degrees Fahr. shot blasted and tested at 1200 r.p.m. 
pinion speed. Cycles to cause failure at 100,000 pounds 
per square inch bending stress are as follows: 


NE STEELS CYCLES 
9420 plus grainal 819,000 
8620 472,900 
9420 204,100 
8124 109,100 


These tests were made on a specially designed dynamo- 
meter to test the gears only and not the complete assembly. 

When performance like this is shown repeatedly it 
cannot be overlooked. Capable committees are at work 
and testing programs are in progress. Now that the go 
signal for these special alloy addition agents has been 
given, greater developments may be expected. 

In summarizing the data available on NE steels, it is 
necessary to proceed with caution. The number of tests 
reported to date is not large and the results cannot be 
taken as too conclusive. While specifications are pre- 
liminary and subject to change, a start must be made 
sometime in order to help the war program. 

In the gear steels, 9420 is satisfactory as a substitute 
for 4120 and probably for 4620. It is not quite the 
equivalent of 4320 or 4820. For most applications re- 
ported the 8720 has been satisfactory for these steels. In 
the water-hardening structural grades, the 8630 can be 
substituted for 3130 and 4130. Judging from physical 
properties it is reasonable to believe that 9430 will ap- 
proach the 8630. The 9442 shows physical properties, 
including torsion, comparable to 4140. 


Indicate Effect of Moly Reductions 


The 8739 to 8749 have been good substitutes for 3135 
and 4140. Their being deleted in favor of the 8600 series, 
meaning only a reduction of .05 per cent molybdenum, 
should not make a great deal of difference but, when 
alloys are reduced to the minimum, five points of moly 
are five points of moly. To indicate the effects of re- 
ducing molybdenum, two sets of hardness curves for 
9420 and 9430 are shown in Fig. 3. We believe it is 
good judgment to retain the 8720 for gears and a number 
of carburized parts. 

From the small amount of data available on the 9600 
series it appears to lack ductility. If it is used it should 
be hardened to between 200 and 400 brinell. Careful 
and improved heat treating practice will have to make 
up for some of the weaknesses. There is a lot of work 
to be done yet on the NE steels, especially on some of the 
later grades and on the steels treated with addition agents. 
With a war to win it is our duty to see that this work is 
done and our military equipment remains the best. 
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NE Steel 
Compositions Revised 


ODIFICATION in the NE steel compositions made 

necessary by unexpectedly greater amounts of nick- 

el content in scrap now available were recently approved 

by representatives of the War Production Board, the Tech- 

nical Committee on Alloy Steel of American Iron and Steel 

Institute, and by representatives of the Iron and Steel Di- 
vision of the Society of Automotive Engineers. 

The increase is due partly to influx of new nickel-con- 
taining steel scrap as a result of our increasing produc- 
tion of war materials, and partly to conservation measures 
employed by steel mills. 

The accompanying table lists the revised NE steel 
compositions, superseding those included in MAcuine 
Desicn, October 1942, pages 150 and 151. 


Number Cc Mn Si Cr Ni Mo 


NE 1330 .28- .33 1.60-1.90 .20- .35 
NE 1335 .33- .38 1.60-1.90 .20- .35 
NE 1340 .38- .43 1.60-1.90 .20- .35 
NE 1345 .43- .48 1.60-1.90 .20- .35 
NE 1350 48- .53 1.60-1.90 .20- .35 


NE 8020 .18- .23 1.00-1.30 .20- .35 .10-.20 
NE 8442* .40- .45 1.30-1.60 .20- .35 .30-.40 
NE 8613 .12- .17 .70- .90 .20- .35 .40- .60 .40-.70 .15-.25 
NE 8615 .18- .18 .70- .90 .20- .35 .40- .60 .40-.70  .15-.25 
NE 8617 .15- .20 .70- .90 .20- .35 .40- .60 .40-.70 .15-.25 
NE 8620 .18- .28 .70- 90 .20- .35 .40- .60 .40-.70 .15-.25 
NE 8630 .28- .88 .70- .90 .20- .35 .40- .60 .40-.70 .15-.25 
NE 8635 .83- .88 .75-1.00 .20- .35 .40- .60 .40-.70 .15-.25 
NE 8637 .35- .40 .75-1.00 .20- .35 .40- .60 .40-.70 .15-.25 
NE 8640 .88- .48 .75-1.00 .20- .35 40- .60 .40-.70 .15-.25 
NE 8642 .40- .45 .75-1.00 .20- .35 40- .60 .40-.70 .15-.25 
NE 8645 .48- .48 .75-1.00 .20- .35 40- .60 .40-.70 .15-.25 
NE 8650 .48- 58 .75-1.00 .20- .35 40- .60 .40-.70 .15-.25 


o 
NE 8720 .18- .23 .70- .90 .20- .35 40- .60 .40-.70 .20-.30 


NE 9255 .50- .60 .70- .95 1.80-2.2 
NE 9260 55- .65  .75-1.00 1.80-2.20 eee 
NE 9262 55- .65 .75-1.00 1.80-2.20 .20- .40 

10 .40- .60 .20- .40 .20-.50 .08-.15 
10 .40- .60 = .20- .40 .20-.50 .08-.15 


NE 9415 .18- .18 .80-1 I 
NE 9420 .18- .23 .80-1. 1 
NE 9422 .20- .25 .80-1.10 .40- .60 .20- .40 .20-.50 .08-.15 
NE 9480  .28- .33 .90-1.20 .40- .60 .20- .40 .20-.50 .08-.15 
-1.20 .40- .60 .20- .40 .20-.50 .08-.15 
1 1 
1 
1 
1 
1 


NE 9435 -33- .88 .90 ? 
NE 9437 -35- .40 .90-1.20 .40- .60 .20- .40 .20-.50 .08-.15 
NE 9440 .38- .43 .90-1.20 .40- .60 .20- .40 .20-.50 .08-.15 
NE 9442 A40- .45 1.00-1.30 .40- .60 .20- .40 .20-.50 .08-.15 
NE 9445 .43- .48 1.00-1.30 .40- .60 .20- .40 .20-.50 .08-.15 
NE 9450 .48- 53 1.20-1.50 .40- .60 .20- .40 .20-.50 .08-.15 
NE 9537* .35- .40 1.20-1.50 .40- .60 .40- .60 .40-.70  .15-.25 
NE 9540* .38- .43 1.20-1.50 .40- .60 .40- .60 .40-.70  .15-.25 
NE 9542° .40- .45 1.20-1.50 .40- .60  .40- .60 .40-.70 .15-.25 
NE 9550*° .48- .53 1.20-1.50 .40- .60 .40- .60 .40-.70  .15-.25 


NE 9630 = _.28- .83 1.20-1.50 .40- .60  .40- .60 
NE 9635 .33- .88 1.20-1.50 .40- .60 .40- .60 
NE 9637 _.35- .40 1.20-1.50 .40- .60  .40- .60 
NE 9640  .88- .43 1.20-1.50 .40- .60  .40- .60 
NE 9642  .40- .45 1.30-1.60 .40- .60  .40- .60 
NE 9645 .48- .48 1.30-1.60 .40- .60 .40- .60 
NE 9650 48- .53 1.80-1.60 .40- .60 .40- .60 


NE 52100A .95-1.10 - 45 .20- .35 1.80-1.60 .385max. .08 max. 


2 
NE 52100B .95-1.10 .25- .45 .20- .35 .90-1.15 .85max. .08 max. 
NE 52100C .95-1.10 .25- 45 .20- .35 .40- .60 .35max. .08 max. 


* Recommended for large sections only. 
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Wartime Metallurgy 
Conserves 


Strategic Materials 


Part Vil—Heat-Treating Equipment 


By R. E. Orton and W. F. Carter 
Acme Steel Co., Chicago 


metallography of iron and steel as well as with the heat-treating opera- 

tions needed to control these qualities. To give some idea of the limita- 
tions in obtaining the desired physical and metallurgical qualities, this article wil! 
consider the nature of the equipment used in heat-treating operations. There 
is an enormous variety of all types available and the applicability of any particu- 
lar item depends upon a great number of variables of an economical and metal- 
lurgical nature. Such factors as the locality of the plant, the arrangement of 


Pp RECEDING articles in this series have dealt with the physical qualities and 


the quality to be maintained, and so on, enter into this decision. So varied are 
these that they can be barely indicated. More detailed boks and papers are 
included in the references listed at the end of the article. 

Open-fired furnaces, Figs. 56a and f, also Figs. 57b and c are used for ail 
temperature ranges, but find their main field of application at the higher tem- 
peratures. They are commonly used for heating for forging, reheating of billets 
for rolling operations, and similar applications where temperatures are sufti 
ciently high to be destructive to the metallic or refractory muffle furnace. They 
are also used in the lower temperature ranges where the application will permit 
of flame impingement with attendant surface scaling, local overheating and 
surface decarburization. The advantages of open-fired furnaces lie in a high 
heating rate and relatively high efficiency. 

Semimuffle furnaces, Fig 56b, have the advantage of elevating the work 
so as to permit underfiring, giving a more uniform heating and protecting against 
the direct impingement of the flame. Heating is by radiation from walls and 
roof and by contact with the products of combustion. The scaling and decar- 
burizatioin are lowered slightly, as is also the efficiency, from that of the open- 
fired furnace. A high heat type of this furnace, used for the heat treating of 
high speed steel, is shown in Fig. 58. Modern atmospheric control is impossible 
in these types of fuel-fired furnaces. The only con- 
trol possible is by adjusting the air-gas ratio to a 
point where a “slightly” oxidizing atmosphere will 
be produced, resulting in a light scaling. 

Full-muffle furnaces, Figs. 56c and 57a and d, are 
required for fuel-fired equipment when the nature of 
the parts being treated demands maximum protec- 


Fig. 56 — Batch hana- 
ling furnaces: (a) open 
fired, (b) semimuffle, 
(c) full muffle, (d) pot 
type, (e) forced convec- 
tion, (f) car bottom 


MACHINE Dresicn—February, 1943 il] 




































Fully enclosing 
muffle 


Tan gential 
burner or 


4 


UU 


Electric elements 


2 


Burner ports along side wal| 





Work charged here 


TT TTT ITT) Pusher 
ET 
Billets 


Revolving cylinder Skid toconveyor 
if A) ; ( 





Fig. 57—Above—Vari- 
ous types of continuous 
furnaces: (a) screw con- 
veyor, (b) continuous 
pusher, (c) rotary 
hearth, (d) chain con- 
veyor with controlled 
atmosphere 


Fig. 58 — Left — High- 
heat, semimuffle, gas 
furnace used to heat 
treat high-speed steel 





tion against surface changes in composition. The muffle 
completely excludes the products of combustion, making 
possible control of the atmosphere in the work chamber 
by the introduction of externally prepared gases, or other 
similar means. Developments in fuel-fired bright heating 
(scaleless) have been confined to this type. Electric fur- 
naces without muffles may also be used as there are no 
combustion products to contaminate the prepared at- 
mosphere. Maximum operating temperature is limited by 
the material in the muffle. Higher grade heat-resisting 
alloys may be operated at temperatures of 1850 degrees to 
2000 degrees Fahr. Refractories are employed at still 
higher temperatures. Pit type furnaces, Fig. 59, are muffle 
furnaces with the axis vertical. 

The recirculating principle, Fig. 56e, has been applied 
to all types where it is necessary to depend on convection 
as the principle means of heat transfer, as is the case at 
the low temperatures of tempering furnaces. Rapid agita- 
tion of the atmosphere increases the rate of heat transfer 
and produces a uniform temperature distribution. Early 
furnaces were limited to a temperature of approximately 
1250 degrees Fahr. because of limitations of material for 
the blowers. Present installations, however, are now being 
made at temperatures as high as 1700 degrees Fahr. 

Pot type furnaces, Figs. 56d and 60, may be either fuel 
fired or electrically heated with the heat being applied 
between the furnace walls and the pot. They may, there- 
fore, be classed as a special type of controlled atmosphere 
muffle furnace. The atmosphere is the molten material in 
the pot in which the work is immersed. They are used 
at temperatures ranging from 325 to 2400 degrees Fahr., 
depending upon the bath material and the construction 
of the furnace and pot. The low temperatures are used 
for the tempering of steel or heat treating of nonferrous 
materials, while the higher ones are used for hardening 
of high-speed steels. Intermediate temperatures are for 
hardening and surface carburizing. 

Molten metals or salts are commonly used for the bath. 
Salts may also be used which decompose and envelop the 
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immersed work in a gas film, designed either to prevent a 
change in surface chemistry or modify it as desired. These 
furnaces are most widely used in treating relatively small 
articles which may be placed in wire mesh baskets, as in 
Fig. 60, or hung from fixtures or wires. The heating rate 
is high, making them particularly desirable for local heat- 
ing operations and high production. This high heating 
rate, however, leads to excessive warping or cracking of 
parts with irregular shapes and sections. 

Large box type furnaces are used widely for annealing 
of large loads, such as strip steel coils, forgings and cast- 
ings. The enclosing box and platform form a muffle which 
is then rolled into the furnace, as illustrated in Fig. 56f. 

The radiant tube principle is a relatively new develop- 
ment which also finds application in large installations for 
the bright annealing of sheet, strip and wire in cut lengths 
or coils. It is being used also in large continuous brighi- 
hardening operations. The burners are arranged to fire 
into heat-resisting alloy tubes, the products of combus- 
tion being carried to the flue, excluding them from the 
work chamber. Tubes are distributed along the furnace 
walls, heating being by radiation from the outside surface 
of the tubes. This principle has been used also in con- 
junction with prepared atmosphere and has frequently in- 
cluced recirculating equipment. 


Conditions Determine Choice of Fuel 


Most satistactory sources. of heat are natural gas, arti- 
ficial gas, liquefied petroleum gases, fuel oils and elec- 
tricity. Fuel oils are limited to the larger applications and 
higher temperature ranges such as reheating, forging and 
large annealing furnaces. Oil for smaller furnaces is usual- 
ly considered inadvisable because of the storage tanks. 
pumps, strainers, heaters, etc., required, and because it 
does not lend itself as well to automatic control as does gas 
or electricity. Oil also does not give good combustion at 
lower temperatures. Commonly used gases are coke oven, 
natural, butane and propane. They are used for all tem- 
peratures employed in heat treating, ranging from a few 
hundred degrees to as high as 2400 degrees Fahr. Other 
advantages of the gases are the relative freedom from 
harmful impurities and the convenience of handling. 

Electrical heating, while uncommon on large furnaces 
because of cost, is widely used for smaller units. Furnaces 
using metallic resistors of the nickel-chromium or nickel- 
iron-chromium type are limited to temperatures of 1850 to 
2200 degrees Fahr. For higher temperatures, such as are 
employed for hardening high-speed steel, carbon or silicon- 
carbide resistors are used. Since electric furnaces have 
no combustion products even to protect the work partially 
from atmospheric air, controlled atmosphere is essential 
at temperatures over 1200 degrees Fahr., where heavy 
scale will begin to form. 
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Equipment for heating may be divided broadly into 
those for handling the work in batches, Fig. 56, and those 
for handling the work in a continuous flow, Fig. 57. Most 
furnaces are of the batch type, which may be accounted 
for by greater flexibility, simplicity of construction, and 
lower first cost and maintenance. Continuous furnaces 
employ a variety of methods for moving the material 
through the furnace. The most common are the pusher, 
Fig. 57b, rotary hearth, Fig. 57c, screw conveyor, Fig. 57a, 
and walker beams. Advantages of these furnaces are high 
production obtained by the continuous flow of material, 
and reduced handling. 

Furnace atmospheres vary from direct exposure in un- 
treated air to the many types of specially prepared at- 
mospheres. Earliest attempts at control were by adjusting 
the fuel-to-air ratio of open and semimuffle furnaces. This 
method is still widely used and is satisfactory on products 
that will be subject to oxidation after removal from the 
furnace or that will be completely machined after treat- 
ment. If an attempt be made to eliminate scale completely 
by using a mixture rich in gas, decarburization will result. 
The best compromise is setting using a slight excess of air, 
producing a light free scale. 

Probably the most satisfactory means of securing con- 
trolled atmosphere in open-fired furnaces is by packing 
the work with a protective compound. The parts are placed 
in suitable containers and covered with charcoal, cast- 
iron borings, spent carburizing compound, pitch coke, or 
proprietary annealing compounds. These serve to exclude 
the products of combustion and to generate gases which 
prevent scaling and minimize decarburization. 

Electric or full-muffle fuel-fired furnaces permit the use 
of pack methods, or of specially prepared atmospheres. 
One type of full-muffle, batch-handling furnace generates 
its atmosphere in a separate heating unit by cracking a 
hydrocarbon oil and piping the generated gas to the heat- 
ing chamber. This equipment is flexible as the gases may 


Fig. 59—Below—Pit 
type furnaces are 
used widely where 
controlled atmos- 
phere is required for 
scale-free hardening 


Fig. 60—Above—Salt bath 
pot furnace is, in effect, a 
controlled atmosphere muffle 
furnace. Small parts are 
handled in a wire mesh 
basket and dumped into the 
quenching media 
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be adjusted readily to fit any analysis or temperature by 
controlling the quantity of oil delivered to the cracking 
unit. A simpler but somewhat less flexible type is illustrated 
in Fig. 61. In this furnace the hydrocarbon oil is cracked 
by dropping on a hot target placed inside the heating 
chamber. The atmospheres are, in each case, composed 
primarily of hydrogen and methane. 

Another generator principle involves the partial com- 
bustion of fuel in a special chamber employing a catalyst 
to support combustion of the rich gas-air mix. The re- 
sulting gas is then passed through refrigerators or driers 
to lower the water-vapor content. These units prevent 
scaling, though decarburization may occur at higher tem- 
peratures and on high carbon steels. This can be con- 
trolled by using other units to lower the carbon dioxide 
content of the gas. 

A protective atmosphere of 25 per cent nitrogen and 
75 per cent hydrogen may be obtained by cracking an- 
hydrous ammonia by passing it through an electrically 
heated “dissociator.” This gas can be adjusted to the tem- 
perature and to the steel being used by enriching with 
natural gas or other hydrocarbons. 


Charcoal Gas Is Satisfactory for Low Temperatures 


Charcoal gas generators also have been used success- 
fully. Air is passed over charcoal heated to about 1800 
degrees Fahr. The resulting gas contains about 25 to 3U 
per cent carbon monoxide, 1 to 3 per cent carbon dioxide, 
1 to 3 per cent hydrogen and the balance nitrogen. Such 
a gas is suitable for annealing low carbon steel and for 
low temperatures but will decarburize higher carbon ma- 
terials. This can be corrected by passing the gas through 
an absorbent to remove some of the carbon dioxide. 

Other special atmospheres include natural gas or other 
hydrocarbon gases used for carburizing, dissociated 
ammonia for nitriding and mixtures used for simultane- 
ous carburizing and cyaniding. 

Quenching equipment is similar with only minor varia- 
tions to fit it to special jobs. With this, as in the usual 
equipment, no special attempt is made to direct the cool- 
ant to a particular location on the work. Baths which con- 
tinually receive hot material must be agitated by a cir- 
culating pump or other means, to prevent local over- 
heating. The-preferred operating range for aqueous solu- 
tions is about 70.to 100 degrees Fahr. and for oil about 
90 to 140 degrees Fahr., although satisfaction may be 
obtained over considerably wider ranges. 

Conveying mechanisms may be included when the ma- 
terial being quenched is uniform in size and shape. The 
metallurgical advantages are uniform duration of quench 
and agitation created by the movement of the parts. Such 
equipment is not practical when work of varying size is 
to be handled because of the constant changes in con- 
veyor speeds that would be required. 

Flush quenching, obtained by holding the work in 
special fixtures and spraying the coolant against the work, 
is frequently used to assure proper quench action in re- 
cesses, to.avoid soft areas and in parts such as draw rings 
to create favorable hardening stresses. Palmer reports 
increases of the order of 115,000 pounds per square inch 
for flush-quenched cold header dies. The building of the 
necessary equipment is justified for jobs which are re- 
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current and which demand the special properties devel- 
oped by actively quenching certain surfaces while perhaps 
retarding the quench on others. 

Methods for observing, recording and controlling the 
temperatures of the heat-treating operations are as many 
and as varied as is the other heat-treating equipment. The 
most common practice is the use of thermocouples. These 
depend upon the fact that if an electric circuit is made up 
of two dissimilar materials, and the two junctions of the 
materials are at different temperatures, an electrical po- 
tential is developed in the circuit which may be observed 
in the deflection of a galvanometer needle. This potential 
is proportional to the temperature difference so that, by 
maintaining one junction at a constant reference tempera- 
ture, (or by compensating for its variations) and placing 
the other in the furnace, the deflection of the galvano- 
meter will be proportional to the furnace temperature, and 
may be accordingly calibrated. The galvanometer may 
also actuate a recording pen, tracing out the temperature 
on a suitably graduated chart. 

On modern fuel fired furnaces, and in particular on 
electricaily heated units, the galvanometer is frequently 
wranged to trip preset limiting devices which actuate 
valves or switches. With this control the work may be 
heated at a selected rate and held at a predetermined 
temperature until ready for quenching. 

For rolling and forging operations and in many high 
heat furnaces where a thermocouple may not very well be 
employed, or where the temperatures are too high for their 
satisfactory use, optical and radiation pyrometers are com- 
monly used. The first depends upon the fact that the light 


Fig. 6l1—Electrically heated pit type batch furnace with 
recirculating atmosphere. Hydrocarbon oil is cracked 


on hot target inside furnace to generate protective gases 
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emitted from a heated body depends upon its tempera- 
ture. The work is viewed through a suitable low-power 
telescope and the color of a filament of wire placed in the 
tield of vision blended to that of the work by varying 
the temperature of the filament. The temperature of this 
standard filament is then obtained by measuring the 
current required to heat it. A chart attached to the vari- 
able resistor in the filament circuit may be graduated in 
temperature degrees if a calibrated electrical potential is 
employed. This is obtained by balancing against a stand- 
ard Weston cell. 

Radiation pyrometers are most common at the very high 
temperatures, such as in melting and steel-making opera- 
tions. They depend for their operation upon the energy 
radiation emitted by a hot body. 


Special Equipment Facilitates Production 


The above illustrates some of the more common types 
of heat-treating equipment. In addition there is an enor- 
mous variety of specialized equipment, such as high-fre- 
quency induction heaters, resistance heaters, flame harden- 
ing apparatus, etc. The three methods specifically men- 
tioned are of such importance that a brief discussion of 
each will be given. 

High-frequency heating is accomplished by passing a 
high-frequency current through an inductor block which 
surrounds, but does not touch, the article to be hardened. 
This current produces a strong magnetic field which cuts 
the surface of the part through an air gap, and induces 
eddy currents in the surface. The magnetic field also 
creates hysteresis losses. The combined eddy current 
and hysteresis losses cause heat to be generated in the 
surface of the steel itself. Quenching is accomplished by 
a water spray directed on the heated surface through 
holes in the inductor block. This process was brought to a 
high state of development by The Ohio Crankshaft Co 
for the surface hardening of crankshaft bearings. It is 
now being applied to numerous cylindrical and tubular 
parts, as well as parts of more complicated shape, on 
which localized heating is desired. This principle is also 
being used successfully in brazing and soldering operations. 
Confinement of the heated area to specific portions per- 
mits brazing of heat-treated assemblies without affecting 
their physical properties. 

The advantages of induction heating are an extremely 
high heating rate, negligible scaling or decarburization, 
accurate control of depth, width and location of the heated 
areas and less distortion than encountered when conven- 
tional hardening methods are employed. Another ad- 
vantage of particular significance today is the ability to 
produce high surface hardness on large articles without 
the use of critical alloys. 

Another method of localized heating, commonly referred 
to as flame hardening or flame annealing, is accomplished 
by applying a high temperature gas flame to the surface 
to be treated. When hardening is desired the flame is 
immediately followed by a water spray. Fuels most com- 
monly used are acetylene and oxygen, although special 
burners have been developed which employ domestic gas 
and atmospheric air. Ordinary hand-operated torches may 
be used but more uniform results are obtainable with 
mechanized equipment and special torches developed to 
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fit each application. Flame hardening is probably most 
widely used on the teeth of large gears. In this application 
the torch progresses along the tooth face and is followed 
by a water spray. Depth of hardened case is accurately 
controlled by the setting of the torches and the rate of 
traverse. 

Other applications include the hardening of machine 
tool ways, rail ends, crankshafts, camshafts and a large 
variety of cylindrical or tubuiar parts. Fig. 63 illustrates 
a machine which was developed for automatic flame hard- 
ening of a high production part that was to be locally 
hardened over a small region. The six-station wheel 
indexes at regular intervals, carrying the piece from the 
heating flame to the quench below. Flame intensity and 
timing are adjusted to produce the proper case depth and 
hardness. 

The advantages mentioned for induction heating apply 
also to flame heating, although it is somewhat easier to 
obtain uniform results from lot to lot with induction equip- 
ment. Flame heating equipment, however, is more readily 





Fig. 62—Induction hardening equipment for treating the 
teeth on drive sprockets for military tractors 


adapted to parts of irregular shape, and can be used on 
some parts where induction heating cannot be accom- 
plished. 

Heating is accomplished in resistance heating equip- 
ment by passing the current through the part to be heated. 
Control is obtained by using the expansion of the metal 
between the contacts to actuate current-regulating devices 
or by using radiation pyrometers. This process differs 
from the two mentioned above in that the heat is applied 
throughout the cross section and is not confined to the 
surface. For this reason, in surface hardening, it requires 
more energy than the flame or induction method. This 
method finds its largest field of application in through- 
hardening operations requiring extremely accurate contro! 
and in local heating for forging. It is also used for strand 
annealing and heat treating of wire, and for stress reliev- 
ing or complete annealing of copper rods, tubes and shapes. 

The next article will discuss the variety of elements that 
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Fig. 63—Automatic flame hardening equipment for local 
hardening of small parts. Wheel carrying work indexes 
forward, timing the heating and quenching cycle 


distinguish commercial carbon steel from an alloy of iron 
and carbon, the “assisting” elements, manganese and sili- 
con, the usually deleterious elements sulphur and phos- 
phorus, the killing of steel with aluminum and the effect of 
its oxides. 
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helpers to load patients into the 

Henney ambulance. Four stretch- 
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Below — Primarily designed to 
speed production of aviation pro- 
peller hubs, the Baker three-way 
horizontal-feed driller uses weld- 
ed construction for the three 
frames and center bed. Each 
spindle is driven through a train 
of flame hardened helical gears 
and an enveloping worm and 
worm-wheel drive 
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Right—Combining the functions of a 
horizontal boring mill and a_ji 
borer, the De Vlieg Jigmileifiel 
automatic table Lelrceaaeet and 
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Lett—Ammuunitio 

a variety of sizes is automatk 
painted in the new DeVilbiss shell” 
coating machine. Designed for 
maximum operating speed con- 
sistent with uniform surface finish, 
the machine sprays inside and 
outside surfaces, the spray guns 
being actuated only when each 
shell moves on the conveyor with- 

in spraying range 





Below—Speeding the movement 
of armed forces and civilian lead- 
ers, this Baldwin-built locomotive 
hauls an 880-ton train at 100 miles 
per hour. Use of four cylinders 
contributes to weight reduction of 
moving parts which are special 
alloy steels. Wheels and con- 
necting rods are roller bearing 
equipped and steam valves are of 


the poppet type 




















Fewer Models—Greater Production 


ONTROVERSY will be rampant, from this stage of the war on, as to the 
advantages of simplification in design, i.e., few models of each type 
of equipment, as against the development of many new models. At 

the moment, simplification seems to be winning out. 


One of the primary reasons for this undoubtedly is the difficulty, due 
to increased Axis submarine activity, of transporting arms to the battle 
fronts. If only a percentage of total shipments is reaching its destination 
the pressing need is for increased production rather than new models— 
at least until such time as antisubmarine warfare becomes more successful. 


Designs necessarily must be stabilized for certain periods to facilitate 
peaks of production; at other times the emphasis rightly can be placed on 
new models. Bearing upon this is a recent remark by Major General L. H. 
Campbell, Jr., chief of ordnance services of supply: “If the war lasts but 
a few years, what we consider now as ‘top flight’ may well be obsolete at 
the end of that time . . . Therefore we must and will continue in research 
and development.” 


If such research and development could be directed toward not only 
the creation of new models but also toward limiting the eventual number 
of each, armament production would more quickly gain and hold its essential 
momentum. 


Wartime Restrictions 


T will come as no surprise to readers of MACHINE DESIGN to hear that 

government limitations have been placed on the use of paper by 
magazines, including technical journals. Shortage of manpower and the 
consequent inability to maintain production on the previous level is pri- 
marily responsible for the order. 


Though no immediate effect will be apparent in this issue of MACHINE 
DESIGN, due to paper stock on hand, the “trim” size of future issues will 
be reduced considerably, giving narrower margins around the printed 
matter. Slightly smaller type will be employed in certain regular depart- 
ments of the magazine and to conserve metal fewer illustrative cuts will 
be used. 


Other modifications unquestionably will prove necessary, but the editors 
are confident that MACHINE DESIGN'S readers will accept these gladly in the 
full knowledge that editorial standards will be maintained. 
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Effect of Nut Design on Strength 
of Threaded Fastenings 


BASED on a recent A.S.M.E. paper by M. 
Hetenyi, research engineer with Westing- 
house, this data sheet presents results of an 
investigation of the stresses in threaded con- 
nections using different nut designs. The test 
procedure, which is described in the original 
paper, involved the three-dimensional “stress- 

freezing” photoelastic method 
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signs are shown on the following page, together with a 

graphical representation of stress data derived from 
photoelastic pictures. In each specimen the maximum stress 
value observed at the bottom of the threads is referred to the 
average stress in the full body of the bolt, thus defining for 
each thread a concentration factor k. The figure shows how 
these k values vary on the right and left side of the slice in 
each particular nut design. Maximum concentration of stress is 
found in the conventional nut type (kK = 3.85) above the thread 
nearest to the bottom of the nut. However, when the position 
of the nut is such that the first thread in the section of the 
slice is only half engaged and thus provides a more resilient 
support, the place of the maximum stress usually shifts to the 
base of the second thread from the bottom. 

It is seen from the figure that nuts with outer support, 
spherical washer, or double thread, give approximately the same 
stress-distribution curve as the conventional nut type and 
therefore cannot be considered as improvements. Only the 
last two nut designs, namely, those with tapered thread 
(k = 3.10) and tapered lip (kK = 3.00) show a definite im- 
provement in the stress distribution. In the model with 
tapered threads the stress distribution could probably be 
further improved by applying a stiil larger taper in the nut. 

The design with a tapered lip gives the greatest reduction of 
peak stress among all the six nut designs. Since the funda- 
mental cause of stress concentration is the differential strain 
between bolt and nut, one of which is in tension and the other 
in compression, the application of a lip which is in tension 
like the bolt itself is naturally an effective way of easing up the 
transmission of the load from bolt to nut. As is shown in the 
figure, the peak stress values could probably be somewhat 
more reduced by applying a greater tapering of the lip which 
would decrease the amount of load carried by the first few 
threads and would transmit more of the load to the upper 
part of the bolt. 

The results show that the maximum fillet stress value oc- 
curring in a conventional nut and bolt fastening can be reduced 
by about 30 per cent through the application of nuts with 
either tapered threads or tapered lips. It appears probable 
that by the use of either larger tapering or longer lips 
than those tested and already referred to, the reduction of 
stress could be increased up to 40 per cent. In this latter case, 


err of bolt models with six different nut de- 
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however, the maximum stress in the fastening would already be 
lowered almost to the notch stress value of the threaded bolt 
body itself, which puts a natural limit to the strength of the 
whole threaded connection. Though in the present tests Whit- 
worth threads were used in all samples, it is believed that com- 
parative strength of the foregoing nut designs would be in about 
ihe same ratio for other types of threads. 

While the tapered lip design shows in these tests approxi- 
mately the same strength as the one with tapered threads, each 
of these designs has some characteristic features which should 
be considered in their application. 

Tapering of the threads in the nut aims to compensate for 
the difference in strain between bolt and nut and needs, there- 
fore, very accurate machining. Since one definite value for the 
tapering will correspond to a certain amount of strain, the 
best results with a taper-threaded nut are obtained only at a 
particular value of the load on the bolt, at which the bottom 
threads are barely in contact. Under such circumstances the 
taper-threaded nut gives about the greatest strength obtainable 
with any fastening. As soon as the stretching of the bolt, 
owing either to loads or to creep or relaxation, brings the bot- 
tom threads in contact, the nut will begin to act as one of the 
conventional design, transmitting an increasing amount of load 
to the bottom threads. 





Tapered Lip Effective at Any Load 


The effectiveness of the tapered-lip design, on the other 
hand, will be about the same for any value of the load. The lip 
is always in tension like the bolt itself and will fill the gap be- 
tween the tensile and compressive strains of the bolt and the 
nut respectively. In this case the greater the stretching in the 
body of the bolt, the larger portion of the load will be trans- 
mitted through the upper part of the nut which will be in any 
case stiffer than the tapered lips. The only problem in apply- 
ing this type of nut seems to be in providing for it a proper 
support under the flanges. This can be accomplished by either 
countersinking the lip part into the bolt hole or by supporting 
the flanges on washers which would accommodate the lip part. 

Since the comparative strength of the above nut designs 
have been derived from tests made under purely elastic condi- 
tions, the applications of the results will also have to be limited 
to cases where somewhat similar conditions prevail. The im- 
proved nut design, for instance, would hardly increase the 
strength of bolts under static loads at normal temperatures 
since in such cases, usually, yielding in the threads produces 
a stress distribution radically different from the ones obtained 
above. On the other hand, whenever the conditions of the 
loading are such as to cause the threaded part to fail without 
any appreciable deformation, the application of the above re- 
sults seems to be justified. At present the two main fields of 
application appear to be dynamic loads and static loads at 
elevated temperature (causing embrittlement). In both of 
these cases an increase of strength of about 30 per cent can be 
expected through the application of either of the two improved 
nut designs. 
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SELF LUBRICATING 


BEARING BRONZE 


Powder Metallurgy has been called the greatest advance- 
ment in metal working since the Bronze Age. And rightly 
so. This unique method of manufacturing bearings, bush- 
ings and other parts eliminates all machining, provides self- 
lubrication and precision at low cost. 

Johnson LEDALOYL Bearing Bronze is the newest 
development in powder metallurgy. Our patented process, 
using pre-cast bearing bronze, enables us to definitely 
control the structure of the bearing or part. This provides 
uniform strength and uniform, dependable lubrication. 
Why not consider the use of LEDALOYL in your new 
product? A Johnson engineer will gladly show you how 

. and where. He will base his recommendations on 
facts .. . free from prejudice . . . without obligation. Call 
him in today. Johnson Bronze Company, 525 South Mill 
St., New Castle, Pa. 


*Copyrighted JOHNSON BRONZE COMPANY 
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of Engineering Parts and Materials 


Switch Action Reduces Arcing 


HREE button flush type Snap-Lock control sta- 

tion switch is used on the Acme-Gridley. auto- 

matic shown at left. Switch case is molded di- 
electric plastic with gasketed cover, while the push 
button mechanism passes through the mechanical side 
only, eliminating danger of shock to the operator from 
a flashback. Switch is single pole, double break, double 
throw with self-wiping coin silver contacts, while me- 
chanical parts are hardened steel cadmium-coated. 
Spring pressure insures snap action and positive locking 
in either position, reducing to a minimum the possibility 
of arcing, one of the commonest causes of control sta- 
tion switch deterioration and failure. Basic units can 
be arranged in combinations to produce control station 
assemblies for handling a wide variety of functions. 





Office Machine Uses Cast Resin Guard 


ELT guard on the Standard Mailing Machines Co. dupli- 
cating machine shown at left is Catalin cast resin. Use 
of this thermosetting resin enabled the manufacturer to get into 
production promptly and because the number of parts molded 
was small, the relatively low cost of tools for the production of 
castings was economically amortized. Electrical and mechanical 
grade used for the part shown has a tensile strength 8500 to 
10,000 pounds per square inch. Material is ordinarily furnished 
as cured castings in a variety of standard shapes such as sheets, 
rods and tubes, which are readily machined to finished parts. 


Drain Plugs Trap Ferrous Particles 





 aneee of foreign matter into the housing is a predominating factor 
_4 causing premature failure of antifriction bearings. Because the in- 
ternal clearance between the rolling elements and the raceways is 
held to such close limits, particles small enough to pass through an or- 
dinary screen may cause severe overload stresses when interposed 
between the contact surfaces. Effect of the resulting action on the 
raceway is shown at lower right. Lisle magnetic drain plugs, upper 
right, which attract ferrous particles circulating in the lubricant, are 
saving bearing wear on airplane engines, speed reducers, machine 
tools, road machinery, trucks and busses, and many other types of ma- 
chines. The unusually large accumulation of iron and steel particles 
on one of the plugs was removed from a gear housing after a 24-hour 
test run. 
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MAN-HOURS 
sAVED IN SIGNAL 
CORPS PRODUCTION 
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at the top and bottom are used in field sw 
ave long achieved economies in the 
field of communications. It was quite natural, consequently, 
that this metal and production method should serve in many 
ways in equipment for the U. S. Army Signal Corps. 
Typical of the zinc alloy die castings employed in field tele- 
phone production are the switchboard key frame castings 
which border the illustration above. Think of the man-hours 
saved through the ability of the die casting process to provide 
t—the numerous openings for the keyboard mechan- 
k, also, of the conservation of machin- 


The castings 


Zinc alloy die castings h 


—as cas 
ism in these parts! Thin 
ing and assembling facilities! 

These savings are measured today in terms of time and man- 
hours, but they add up to low cost as well. Perhaps this wartime 
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application of zinc alloy die castings provides the key to many 
of your present and future production problems. 


Some of these parts 
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There are many examples of thorough 
die castings in producing complicated assemblies. Such strong 
endorsement of the versatility of this comparative newcomer 
among high speed production methods and materials occurs 


in many fields. 

The parts illustrated belc 
this respect because they ma 
used in all U. S. Army tanks. 
interesting, but it is the castings 
reasons behind the use of zinc alloy die castings. 

Consider these castings in the light of ingenuity of design 
for compactness—1 part where there would ordinarily be 3 
or 4—exacting uniformity for closer fits for operating parts 
every available inch of space. 

e advantages of zinc alloy die 
for copies of 


yw are particularly up-to-date in 
ke up a fire extinguisher assembly 
The end-use of this assembly 1s 
themselves which reveal the 


unusual shapes to utilize 


For additional examples of th 
r Company letterhead 


castings, ask us—on you 
ating applications in five ma 


five small booklets illustr jor con- 


suming fields. 


are duplicated in every installation 
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160 FRONT ST., 


99.99 + % 


NEW YORK: Clr 


HORSE HEAD SPECIAL (unre avciny) ZINC 











Coolant Pumps Are Self-Priming 


OOT-MOUNTED, self-priming centrifugal coolant pumps 

introduced by Brady-Penrod Inc., 1216 West Second 
street, Muncie, Ind., are ready for immediate delivery. The 
pump, known as Model SP-400, is simple in design and primes 
almost instantly on normal machine tool suction lifts. It also 
reprimes if the sump pump runs dry, as soon as it is refilled. 
Sturdily built to withstand long service, the pump will handle 


MODEL SP 400 


abrasives and steel chips. Flow of coolant is controlled by a 
valve at the discharge line, from a few drops per minute to 
full capacity of the pump, without overloading the motor. 
Two models of the pump are available—one of 8 gallons 
per minute capacity, and the other of 20 gallons per minute. On 
pumps with capacities up to 100 gallons per minute and spe- 
cial current specifications, information can be obtained from 
the company. 


Combination Insulating Tubing 


O PERFORM two jobs, Irvington Varnish & Insulator Co., 
6 Argyle Terrace, Irvington, N. J., has introduced its 
short lengths of extruded plastic tubing, clearly marked with 
letters and numerals. They serve as insulators of terminal 


connections and as wire markers. Where lug insulation and 
wire identification are required, assembly is speeded by elimi- 
nating any additional means of identification. The tubing 
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has a very high dielectric strength, and a smooth inside sur- 
face to permit quick application over wires and lugs. Legible 
numerals of the customer’s choice are printed on the tubing 
with an ink that is resistant to chemicals, water and oils. The 
tubing is available in colors, with either black or yellow 
symbols, in A.S.T.M. sizes from No. 9 up to %-inch inside 
diameter. 


Bushing Is Rubber-Insulated 


APABLE of absorbing vibration and shock and of taking 
C torsional and radial movement without lubrication, a 
new line of rubber insulated bushings is now being manufac- 
tured by Bushings Inc., 3447 
West Eleven Mile avenue, 

Berkely, Mich. A_ saving of 

60 to 80 per cent in rubber in 

one application has been made, 

and from 10 to 20 per cent of 

the amount usually required for 

bushings of the conventional 

design without reduction of 

efficiency or life. Manufactured 

for armed combat equipment, 

the bushings are available in 

a wide range of sizes. Known 

as Rubberflex, they employ a 

thin layer of live rubber (or 

synthetics) held between an 

inner and outer cylinder of 

metal entirely by the elasticity 

of the rubber itself, making 

a mechanical and _ slip-proof 

bond for high torsional angles. 

Simplicity of the bushings permits a wide range of sizes and 
capacities to suit individual requirements. When the assembly 
is completed, the force of the elasticity of the rubber in 
both directions keeps it together. Wear in the bushings is 
absent since torsional and radial movement is taken in the 
rubber itself. Thus with no lubrication required, the bush- 
ings provide for motion of adjacent parts even under operat- 
ing conditions where they are entirely covered with sand, mud 
or dirt. 


Small Motors Are Air-Driven 


MALL air-driven, double-acting, reciprocating motors have 

recently been introduced by Smith-Johnson Corp., Bendix 
building, Los Angeles, for operating on any air pressure up to 
175 pounds gage. The motors employ a special integral valve 
for controlling their piston action. They are specifically de- 
signed for use as auxiliary power units on larger machine 
tools or as independent prime movers on small fractional horse- 


power units. Model AM Senacon motor has a standardized 
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~ 
PREDICTABLE PERFORMANCE \ 


Our guarantee of predictable performance of our TENUAL \ 
Aluminum castings is due to the combined efforts of our research 


engineers, careful supervision and unmatched craftsmanship. 
Add to this over thirty years of experience in doing one thing 
well, and you realize why we are one of the largest producers 
of sand and permanent mold aluminum castings. 


' 
; 


The name “TENUAL” stands for quality sand and permanent 
mold aluminum castings. When the time comes for us to produce 
castings for your peacetime needs, TENUAL Aluminum castings 
will be equally as efficient as they are in today’s war equipment. 





ALUM 


Photograph shows a load of castings ready for 
heat treatment . . . Note size of castings in 
comparison with man at left. 

















ALUMINUM 


MAKERS OF QUALITY SAND AND PERMANENT MOLD ALUMINUM CASTINGS T 

















And warplant draftsmen 
need the best tracing cloth 
money can buy .. 


ARKWRIGHT 


Only the best quality tracing cloth is smooth enough 
to take erasures without smudging . . . strong enough 
to stand up to the corrections constantly being made 
today. Only the best quality tracing cloth is transparent 
enough to insure the sharpness of transfer that war 
drawings must have to be read easily, quickly, and 
accurately. That’s why it’s important, during these 
critical years, to use the best tracing cloth money can 
buy... ARKWRIGHT. Arkwright Finishing Company, 


Providence, Rhode Island. 





PINCH 
CLOTH 





TRACING CLOTHS 


AMERICA’S STANDARD FOR OVER 20 YEARS | 


piston diameter of 2.5 inches. It develops a piston thrust ap- 
proximately 4.9 times the operating air pressure, and a piston 
pull approximately 4.6 times the operating air pressure. Fur- 
nished in standard piston strokes of 1.5, 2.5, 6.0 and 9.0 inches, 
it may be obtained in special stroke lengths from 1.0 to 180 





inches. The integral air valve of the motor is designed to 
effect ready synchronization of the movement with the main 
operation. Its universally adjustable lever permits operating 
the valve from any angle in any plane by a drag link con- 
nection off a convenient reciprocating element of the ma- 
chine. Dual exhaust ports provide for selective utilization 
of the exhaust air blasts for many special control operations. 


Speed Control Units Available 


EW speed control units are being made by Smith Power 
4 Transmission Co., 1545 East Twenty-third street, Cleve- 
land, for incorporation into machine tools. Of sturdy con- 
struction the control can be mounted horizontally or vertically. 
Gears, which slide on heat-treated splined shafts, are of 





hardened and shaved alloy steel, and run in a sealed case filled 
with oil. With a single handwheel control, the unit is avail- 
able as standard stock in both four and eight-speed models, 
or can be manufactured to meet customer’s specifications. 


Chemurgic Synthetic Rubber 


VAILABLE commercially now from Reichhold Chemicals 

Inc., 601 Woodward Heights boulevard, Detroit, is a 
chemurgic synthetic rubber, Agripol, a satisfactory substi- 
tute for natural rubber in many applications of a mechanical 
nature. The mechanical parts referred to include gaskets, 
belting, insulating mats, hose linings, etc. For military uses, 
Agripol is used for insulating parts, shock absorption pads, 
gaskets, ctc., in aircraft, naval and cargo vessels, motorized 
military vehicles and weapons. Where high tensile strength 
and resistance to severe abrasion are desirable properties, Agti- 
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CLEAR AND UNDISTORTED | 


Important wartime 





To convey gas, oil, air and water, as well... 


Perhaps the most intriguing angle 
of flexible metal hose and tubing is 
its seemingly endless range of appli- 
cation. Using practically any work- 


American Seamless 
— corrugated from 
seamless rigid tubing 
...no welds, laps or 
joints...made in sev- 
eral alloys. 





able metal, we can build flexible hose 
or tubing for anything from a simple 


spout to a high pressure seamless 
hydraulic line that can be flexed 
millions of times without break- 
ing—a line that will give you the 
flexibility of garden hose, the de- 
pendability of metal and the strength 
of rigid pipe! 
Whether you need a flexible 


(rom 


connector for misaligned or 


moving parts, for isolating vibra- 
tion, for conveying air, water, oil, 


American Interlocked 
—wound of strip metal, 
joints packed; the tough- 
est type of extremely 
flexible metal hose. 





steam or fuel, you'll likely find we 
have a type of flexible metal hose 
or tubing that will do the job 
more capably. 43196 


AMERICAN METAL HOSE BRANCH OF THE AMERICAN BRASS COMPANY e General Offices: Waterbury, Conn. 
Subsidiary of Anaconda Copper Mining Company «In Canada: ANACONDA AMERICAN BRASS LTD., New Toronto, Ontario 
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Pressure Regulating Valve? 


Hannifin Pressure Regulating Valves are designed 
and built to deliver accurate, dependable control 
of air pressures, without maintenance. The ex- 
clusive piston-type design gives sensitive, accurate 
control of working pressures—adjustable over the 
entire working range to deliver any reduced oper- 
ating pressure desired. Piston-type design, with 
long valve stem travel, gives large volumetric 


capacity, meeting varying operating needs with 





minimum restriction to flow. Simple, dependable 


construction throughout means long life without 


maintenance. Three standard sizes, 34, 14 and 3, | 
inch, for use on initial pressures up to 150 lbs. 


Bulletin 56-MD gives complete description. 


HANNIFIN MANUFACTURING COMPANY 
621-631 South Kolmar Avenue « Chicago, Illinois 


HANNIFIN 


Pressure Regulating Valves 
ve 


128 


pol is inferior to natural rubber. However, for molded parts for 
static use, high tensile strength and great elongation are not 
essential and Agripol may be used. In aging tests this ma- 
terial is less susceptible to attack by elements and in resistance 
to oxidation it surpasses natural rubber. 


Multicontact Timer Announced 


ULTICONTACT timers to control automatically a se. 
quence of “on” and “off” operations of a single or a 
multiple number of electrical circuits in accordance with a 
predetermined operating program, have been announced by 
The R. W. Cramer Co. Inc., Centerbrook, Conn. Features 
of the new timer, known as the Type MC-2, 2-minute, 2-cir- 





cuit timer, are: Self-starting synchronous motor, complete gear 
trains operating in oil, bakelite cams mounted on shaft in 
identical pairs to permit the “off” and “on” increments to 
be adjusted to the desired operating program. Contacts are 
in plain view so that operations can be observed. The timer 
can also be provided with remote momentary starter. A special 
multicontact timer gives various timing impulses every 1, 
2, 3, 4 and 5 seconds, and for circuit No. 6 the timing im- 
pulse is at 1-minute intervals. 


Rotary Air Motor Developed 


UITABLE for locations where compressed air is available 
and where explosionproof equipment is essential, the 
rotary air motor announced by Gast Mfg. Corp., Benton 
Harbor, Mich., is obtainable for new applications. It is 





particularly applicable to war-production jobs such as driving 
mixing equipment for munitions plants, etc. Offering a variable 
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aIRGRIP | 





iM , 
Anker-Holth revolving 
air cylinder 


oe 


. 


Anker-Holth air 
operated collet chuck 


Anker-Holth air 
operated, three jaw, 
universal chuck 





332 So. 
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When You Equip Lathes, Vertical 
Millers, and Drilling Machines 
with “Airgrip’”’ Chucking Devices. 


MANY of America’s leading aircraft engine 
and parts plants are using Anker-Holth air-operated 
chucking devices to speed output—to help planes fly away 
faster to the battle fronts. 

If you are an engine or parts manufacturer we urge you 
to investigate the use of ““AIRGRIP”’ cylinders, chucks, 
and other air-operated and hydraulic devices, which con- 
sistently result in stepping up production 25% or more. 

Our engineers are ready to help you in the selection 
and installation of air operated chucking devices on new 
machines now on order, or on machines now operating 
in your plant. Our deliveries are extremely favorable for 
prompt action. Send in your piece part prints. Act today! 


WRITE FOR NEW CATALOG 


1. Co. 


CHUCK DIVISION 


CHICAGO, ILL. 
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® Drawing shows Self-Locking 
PALNUT holding adjusting screw 
in position on Pressure Reduc- 
ing Regulator. PALNUT  re- 
placed larger, heavier, more 
expensive jam nut, while giving 
added advantage of double- 


locked security. 

















GREATER SECURITY 
WITH LESS STEEL! 


when you fasten 
with 
k S SELF-LOCKING 


1, | PALNUTS 


Double Locking Action 























A pound of steel goes a 


When the PALNUT is : : 

wrench-tightened, its arched, long bean | oe 
slotted jaws grip the bolt PALNUTS. ey weig 
like a chuck (B-B), while 70% less than jam nuts— 
spring tension is exerted up- 80% less than regular 
ward on the bolt thread nuts—90% less than regu- 


and downward on the part 


(A-A), securely locking both. lar nut and lock-washer 


. yet do the same job 
with greater security, less 
space, less assembly time and less cost, on numerous 
applications. 











Self-Locking PALNUTS are ‘single thread, spring tempered 
steel locknuts, which exert an unfailing double-locking ac- 
tion that holds tight under vibration, stresses and shrinkage 
of parts. PALNUTS apply easily and speedily as any regu- 
lar nut, may be re-used, withstand high temperatures, are 
very low in cost. Widely used for over 15 years on radio, 
electrical and all types of mechanical assemblies. Available 
for prompt delivery in a wide range of sizes. Send detail; 
of your assembly for data and samples. WRITE for Palnut 
Manual No. 2 giving full information. 


THE PALNUT COMPANY 


75 CORDIER STREET 
IRVINGTON, N. J. 





SELF-LOCKING 


PALNUTS \ 
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speed over a wide range, the motor employs the same rotan 
principle as the company’s pumps and compressors. It con- 
tains no reciprocating parts or springs. Delivering from 1/29 
to 1 horsepower, the motors are fitted with ball bearings and 
all parts are accurately ground.  Self-adjusting shaft seals 
are used in place of packing. 


Speed Nuts for Plywood Use 


ESIGNED to speed production and subassemblies in 
plywood aircraft, ‘a new self-locking “cage” nut has 
been offered by Boots Aircraft Nut Corp., Main street, New 
Canaan, Conn. The “cage” nut, so called because of its 
bird-cage design, is used to fasten metal to wood. It incor- 
porates the wing style, all-metal, self-locking principle and 


8 


Bx 





may be applied, if necessary, in a blind application from one 
side. The basket mount cf the nut is “collapsed” with the 
special clinching tool. The collapsed mount then clinches 
the plywood in a claw-like grip which withstands, without tear- 
ing, the torque applied when a bolt is inserted by production 
methods. The nut is adjustable to varying thicknesses by the 
use of stop arrangements. The clinching tool sets the mount 
into the plywood or plastic in thicknesses of 1/16-inch and up. 


Aircraft Type Universal Joint 


IRCRAFT and machine tool industries will be interested 
L in the new improved aviation type universal joints 
recently announced by the Dix Mfg. Co., 603 East Fifty-fifth 
street, Los Angeles. There are approximately fifteen stand- 
ard sizes available. Hub diameters of the joints range from 





%%-inch to 4 inches, and approximate weights are from 5/100 
of a pound to full 31 pounds each. Special alloy steel, ground 
to meet Army, Navy and Air Corps requirements, is used in 
the joints. The hub joints are pin-riveted for aircraft require- 
ments. Because of the new design and construction of the 


(Continued on Page 136) 
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in THE NEWS. | 


WITH BANTAM BEARINGS 





38” 0.D., 21” 1.D., 1912 LONG, this two-row 
tapered roller bearing for steel mill service is a 
typical instance of Bantam’s skill in the de- 
sign and manufacture of large bearings for 
special jobs. To meet the needs of America at 
war, Bantam today is manufacturing some of 
the largest anti-friction bearings ever built. 





MECHANICAL “STEVEDORES” like this 5-ton 
STEVE-KRANE built by Silent Hoist Winch 
& Crane Co. are playing an important part in 
speeding the loading of goods and equipment 
for distant fronts. And Bantam Quill Bearings 
on the boom sheaves and rollers (shown in 
cross-section view) contribute to the efficiency 
of these cranes, because of their low co- 
efficient of friction, high load capacity, and 
effective method of lubrication—while their METALLURGICAL CHECK-UP is a regular part of 


ary jenny facilitates a For Bantam inspection on bearings of all types. 
ull details on these compact anti-friction Here the grain structure of rollers and races is 


ari Tl i -104. ° ° ° ° ° 
bearings, write for Bulletin B-104 undergoing microscopic examination to assure 
conformity to metallurgical specifications. 













ENGINEERING COUNSEL based on the design and 
application of straight roller, tapered roller, 
needle, and ball bearings is a vital phase of 
Bantam’s service to industry. If you are seek- 
ing competent advice on your anti-friction 


bearing problems, TURN TO BANTAM. 





FAST, ACCURATE SLITTING of paper is the job of 


the Camachine 8, Model 10, product of 

Cameron Machine Company. Among the fac- STRAIGHT ROLLER - TAPERED ROLLER - NEEDLE - BALL 

tors in the popularity of this machine in paper BANTAM BEARINGS CORPORATION + SOUTH BEND + INDIANA 
mill finishing rooms and converting plants is SUBSIDIARY OF THE TORRINGTON COMPANY + TORRINGTON, CONN. 








the use of Bantam Ball Thrust Bearings. 
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J-S-STAEDTLER-INC-NEW YORK 





NATIONAL DISTRIBUTORS: 
KEUFFEL & ESSER CO. 
NEW YORK 





(Continued from Page 130) 
joints, they are said to operate at a large angle, and will 
function in actual service with rigid and dependable per- 
formance. 


Oil Window Unit for Visibility 


N OIL window unit for convenient indication of oil 
A level when it is installed in a built-in oil-reservoir cast- 
ing has been made available by Bijur Lubricating Corp., Long 
Island City, N. Y. Consisting of a window of clear plastic 
assembled in a polished metal housing, the unit is furnished 
in sizes to give a clear window diameter of %, 1 and 1%-inch, 
respectively. Preassembly of the unit effects economy in 






ASSEMBLY 
TOOL 





SECTION OF 
OL WINDOW UNIT 











manufacturing and installation. A special oilproof synthetic 
gasket insures oiltightness between window and frame. Two 
holes in the metallic background give easy passage to the 
oil. Utilizing the assembly tool illustrated, the oil window 
unit may be pressed into a reamed hole in the machine cast- 
ing, providing that the casting wall thickness is %-inch or 
more. A thin coat of an oilproof sealing material applied to 
the surface of the reamed hole makes the installation oiltight. 


Free-Machining Steel 


EVELOPED by W. J. Holliday & Co., Indianapolis, is 

a patented process low-carbon open-hearth case-car- 
burizing steel known by the tradename of Speed Case. It 
was made to meet the need for a steel with the machinability 
of S.A.E. 1112 and X1112 bessemer screw stock, and the 
strength of such open-hearth steels as S.A.E. 1020, X1020, 
X1314 and X1315. A few of the uses of this steel are: Bear- 
ing plates, bolster plates, cleaning-machine parts, gears, etc. 
Speed Treat, a medium-carbon open-hearth steel manufactured 
under the same general requirements as Speed Case, but with 
high carbon content, is used for bearing plates, gears and 
whales, dippers, grab buckets, etc. 


Photoelectric Controls Improved 


EVELOPMENT has been completed of a new series 
of photoelectric controls, according to a recent announce- 
ment made by Photoswitch Inc., 19 Chestnut street, Cambridge, 
Mass. These photoelectric controls, known as Type A15, 
embody relay contacts designed to handle heavier loads 
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Coming soon- 


am 





a new information service 


for PRODUCT DESIGNERS 


NEW FILE of organized information on 
materials, finishes, parts, manufacturing 
techniques and work equipments, is now being 
compiled by Sweet’s Catalog Service and soon 
will be available for industry’s product develop- 
ment and design men. The information is to be 
issued in the form of one or more bound volumes, 
constituting a comprehensive file of manufactur- 
ers’ catalogs. The complete unit will be called 
Sweet’s File for Product Designers. 





Sweet’s proposes to make this file the most 
comprehensive and useful collection of product 
design information ever assembled in one unit. 
The convenience of having related information 
on a wide range of products and services instantly 
accessible at all times is appreciated by users of 
the current Sweet’s Files serving other industrial 
fields. Thousands of them have voted Sweet’s 
their most useful source of product information. 
The new file will extend the same benefits to 
product designers. 


It will be distributed without charge to quali- 
fied organizations and individuals — the cost 
being borne by the manufacturers whose products 
it describes. 

If you have not yet made application, please use 
the coupon below. 


SSSSSSSHSSSHSSHSSSHSSHSSSSHSSSSSSSSSs SSeS eeSeeeeessesers 


SWEET’S CATALOG SERVICE 119 West 40th Street New York, N. Y. 


| wish to apply for a FREE COPY of Sweet’s File for Product Designers 


A A 8 NO SEN SRE NL CSA SS E EREBMP SS PURERENE IR mr 
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"You Can Rely ou Koper™ 





Why the Roper 
Pumping Principle 


Has Earned Top Ranking 


The Roper Principle is the simplest ever designed. Only 
two moving parts ... equal size pumping gears... 
operating in a case with proper clearance so there is no 
perceptible wear on case or gears. 

Roper Pumps, quiet and smooth in operation, do last 
longer because of their simplicity and because internal 
pressure is equalized at all points. Pumping gears actually 
float in operation, being entirely separate from the drive 
shaft and connected by a smooth, sliding joint which 
absorbs all shock and thrust. 

Another good design feature . . . gears and bearings can 
be inspected without disturbing piping or power. Type of 
gears optional . . . Spiral Gears for applications requiring 
high efficiency and practically silent operation at high 
speed ... Spur Gears for high volumetric efficiency at 
maximum pressure. 

Automatically lubricated Bearings . . . Built-In Relief 
Valve . . . Rigid one-piece Backplate carries the load of 
all pipe connections and protects working parts from 
stress and strain. 

Roper Pumps are built to last a long time... and they do! 





Custom-Built Performance from 


Standard Models 


Capacities from one to 1000 gallons per minute . . . pres- 
speeds up to 
eight 


sures up to 1000 Ibs. per square inch... 
1800 r.p.m. ... 21 drives and mountings... 
piping arrangements, 





> gum 
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Write for Catalog 932. It contains a summary and a digest 
of valuable information on pumps and pumping problems. 





GEO. D. ROPER CORP., ROCKFORD, ILL. 


"You Cau Rely ou Koper 
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directly, and are conservatively rated at 10 amperes alternat- 
ing current at 115 volts. Output terminals are those of a 
single-pole double-throw switch, for either normally closed or 
normally open operation, providing for action either when the 
light beam is broken or when it is made. Operating range 





of the control is 20 feet with light source L30, and 40 feet 
with source L60. Type A25 is supplied with light source 
L30 for 50-foot operation, and with L60 for 100-foot operation. 
Type Al15 is for automatic control of such standard indus- 
trial applications as counting, conveyor control; signal and 
alarm systems, motor or valve control, inspection and break 
detection, as well as for many specialized processes. 


Lever Switch for Aircraft Use 


RIMARILY designed for use in aircraft, radio, communica- 
tion, annunciator and fire alarm systems, testing apparatus, 
and a wide range of industrial applications, a new O-42 lever 
switch has been developed by Donald P. Mossman Inc., 6133 
North Northwest Highway, Chicago. A large, well-formed 
handle permits a firm grip of the hand. The switch has posi- 





tive action-locking, nonlocking (spring return to neutral posi- 
tion) and no-throw stops. Construction and materials used 
in the switch make the unit rugged and light in weight. The 
maximum rating for this switch is 5 amperes, 110 volts, al- 
ternating current (noninductive). It is available in an al- 
most unlimited series of combinations of contact assemblies. 


Extruded Tubing and Rods Offered 
ANUFACTURED from cellulose acetate butyrate, Tulox 
TT tubing has been made available by Extruded Plastics 


Inc., New Canaan avenue, Norwalk, Conn. It can be furnished 
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One of the most powerful guns in the arsenal of Amer- 
ica is technical proficiency. Keeping this fact foremost, 
Perkins concentrates the energies of a considerable en- 
gineering and research staff on the problem of improving 
the mass production of precision gears, and adapting 
them to new uses. That there may be more efficient air- 
plane engines—better power transmission for all mechan- 
ized war equipment, and smoother performance of all 
those peacetime products in which gears are an integral 
part, the Perkins organization will continue to apply 


itself to technical proficiency. 


ERKINS PRECISION, CUSTOM-CUT GEARS 


—_ 
help power American Panes 


PERKINS MACHINE & GEAR COMPANY, sprincFiELo, Mass. 
“Throw Your Scrap Into The Fight” 
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DEPT. 7N, WESTINGHOUSE ELECTRIC & MFG. CO., EAST PITTSBURGH, PA. 
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in a full range of standard sizes from 3 /16-inch to 2 inches 
outside diameter. This seamless transparent plastic tubing 
will withstand considerable pressure, depending upon the in- 
ternal diameter and wall thickness. An outside diameter of ] 
inch x .62-inch wall has withstood 500 pounds per square 
inch, and %-inch outside diameter x 1/16-inch wall thickness, 
1200 pounds per square inch. The tubing may be coiled 
or otherwise bent to shape by heat and chilling. Tulox HR 
(hollow rod) is available in round, hex and knurled rods, up 
to a maximum of 1% inch, for screw machine parts, unions, 
couplings and other parts, which may be machined at about 
the same speed as brass. Another type of material, Tulox S, 
is furnished in tubing which is flexible and supplied in coils, 


Coolant Strainers Introduced 


OOLANT strainers applicable to turret lathes, screw ma- 

chines, milling, drilling and other metal-cutting ma- 
chinery using a coolant flow, have been introduced by Metex 
Textile Corp., 4 Central avenue, Orange, N. J. The unit will 
strain metal cuttings and chips remaining in suspension, per- 
mitting only chip-free solution to pass through the coolant 
pump where most of them lodge. Each drop of coolant fluid 
passes through layer on layer of uniform knitted and crimped 
mesh. In the case of large coolant tanks where a heavy flow 
of coolant fluid is required, several strainers are “ganged” on 
a larger intake line. Several sizes of the coolant strainer are 
available. The size adaptable to most machines—Model “C” 
—has overall dimensions of 5 inches in’ diameter, 4 5/32-inch 
(including nipple) in height, %4-inch pipe and nipple, and 
has a capacity up to 10 gallons per minute. Model “D” is 
somewhat larger and has the straining surtace of “C” for deep, 


narrow sump tanks. Its capacity is 20 gallons per minute. 


Cold-Forged Thumb Screws 


HOULDER thumb screws are a recent addition to the 
wJ standard line of The Ohio Nut & Bolt Co., 600 Front 
street, Berea, O. Made in one piece, the wide-wing, cold- 


TOTTI 





forged screws have shoulders with the same diameter as a lock 
washer. They are available generally in the following threads: 
10-24, %-20, 5/16-18, %-16, %-13, in 5% to 4-inch lengths. 


Variable Resistors Are Sealed 

ECENTLY announced by the Stackpole Carbon Co., St. 

Marys, Pa., are two new closed-cover, sealed variable 
resistors to meet today’s demand for units which will per- 
form favorably under intensely humid or dusty conditions, 
and in either standard radio or high-frequency equipment. A 
leakage resistance for Type MG on the order of 300 meg. 
after 48 hours in 95 per cent humidity at 40 degrees Cent. 
is obtained in the new design. Spacing of current-carrying 
parts 1s greater and surface insulation of the molded base is 
several times that of previous laminated-base units. Furnished 
with a dustproof cover, Type LP is effectively sealed with a 
special compound to the point where resistivity from current- 
carrying parts after 48 hours of 95 per cent humidity at 40 
degrees Cent. is five times that of the previous open con- 
struction units. 
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Overload-and failure! 





Information supplied by an Industrial Publication 


Recent tests by a well-known rubber company prove 
that as little as three pounds extra tension on power 
transmission belting, above recommended tension, 
will shorten its life as much as 68 percent! 

In the tests three grades of the present wartime con- 
struction of transmission belting were used. Each belt 
was run at 15 pounds per inch per ply, a 720 pound 
total for the tension, the recommended figure, and at 
18 pounds per inch per ply, a total of 864 pounds ten- 
sion, on 4 inch diameter pulleys. Belts were all 6 
inches wide, 30 feet long, spliced in 10 foot endless 
lengths. Tests were all highly accelerated. 


Belt No. 1 ran for 95 hours before breakdown under 
the 19 pound tension, and increased its life to 230 
hours before failure when the tension was 15 pounds. 

Belt No. 2 ran for 88 hours at the 18 pound tension, 
and for 263 hours before failure at 15 pounds. 

Belt No. 3 ran for 15 hours under 18 pound tension, 
and the service life before failure jumped to 48 hours 
under the 15 pound tension. 

Close attention to “details” like this will save costly 
shut-downs and increase productive man-hours. This 
is just another case of designing to meet requirements 
— another important conservation measure. 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING DATA ON MOLYBDENUM APPLICATIONS. 
MOLYBDIC OXIDE BRIQUETTES © FERROMOLYBDENUM @® “CALCIUM MOLYBDATE” 


cl 
500 F 
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SPEED-UP 
: Thictton free 


INSURED BY EXCLUSIVE 
L-R COUPLING PRINCIPLE 


LUBRICATION 
NEEDED 


TEAR-DOWN 
FOR CUSHION 4% 
CHANGE 


COUPLIN G Open 


L-R Couplings carry load on free-float- 
ing cushions hung between rugged jaws, 
and held by removable steel collars or 
retainers. Eliminate internal friction. 
Insure smooth quiet power-flow at any 
speed. Prevent backlash, absorb vibra- 
tion, corrects misalignment. 


L-R TYFE “Ww” 
Paf. & Pats. Pend. 
Bores 112” to 1634’’. 


' "“Gbeen " ready. No lubrication. 


Cushions in plain sight. Half idlers (ex- 
cept on reverse) hence new set always 


L-R TYPE “IA” 


Pat. & Pats. Pend. 
For light duty. 1/6 to 50 h.p. 


L-R TYPE “WF” 


Pat. & Pats. Pend. 
Bolts directly to flywheel. Saves 


up to 1/3 space. 1% to 2500 h.p. 


Send for Catalog and FREE Selector Charts 


L-R Types and Sizes for every purpose and duty. 
Quick finding Charts guide you to right coupling 
for your need. Write 


| 
Lovesoy Frexiste Courtine Co. 
5018 WEST LAKE STREET, 
CHICAGO, ILL. 





PROFESSIONAL 
VIEWPOINTS 


. . . contrary to fact and theory”’ 


To the Editor: 


September issue of MACHINE DEsIGN contained Part I of an 
article “Practical Aspects of Bearing Design” by E. B. Etchells 
and A. F. Underwood. It is believed that certain statements 
in this article are contrary to accepted fact and theory, and 
that the conclusions reached by the authors relative to partial 
bearings contradict their statements made a little earlier. 

Particular attention is called to “the best way to lubricate 
a bearing is by means of a circumferential groove” and “axial 
grooves are believed to serve no useful purpose that cannot 
better be served without them.” “The same is true of diagonal 
grooves and of recesses or pockets at the parting lines.” How- 
ever, the authors state “the partial bearings have run three 
times as long as the 180-degree bearings and are still in per- 
fect condition.” No credit is given for the axial space be- 
tween bearing pads for the introduction of lubricant. In the so- 
called 180-degree bearing unless at least one axial groove at a 
point of low pressure is provided, how is the lubricant to be 
led from the circumferential groove to the surfaces in the 
loaded area? Do not the axial spaces between bearing pads 
in the partial bearings constitute grooves for the ready intro- 
duction of lubricant to the leading edge of the pad? 

Such eminent authorities on the subject of lubrication as 
Howarth, Karelitz, Bradford, have contributed the results 
of their findings on the question of oil grooves and where 
they should be located. It seems to the writer that the above- 
quoted statements are in direct conflict with the facts and ex- 
perimental results of these authorities. 

Some distinction should be made with reference to running 
clearance. A bearing with ample clearance may require only 
one axial groove to obtain sufficient distribution of the lubri- 
cant, whereas a bearing with very small clearance requires 
longitudinal grooves to feed several axial grooves, or the cir- 
cumference may be divided into several pads, the separations 
between pads providing axial grooves as noted by the authors 
under partial bearings. 

—M. S. GyESDAHL 
Landis Tool Co. 


... referred to pressure-fed bearings” 


To the Editor: 


The comments expressed by Mr. Gjesdahl were read with 
much interest. We presume these comments were made rela- 
tive to bearing designs with gravity, drip, or ring oil feed, and 
unidirectionally loaded. Our remarks on grooving were with 
respect to pressure feed, and nearly all our work in recent years 
has been with this type. Graphical representation of calcu- 
lations on the relative flow characteristics between flat plates on 
three different groovings are shown in the accompanying chart, 
where a represents a circumferential groove, b a central hole 
and c an axial groove. In particular, our remarks on circum- 
ferential grooving were qualified as to its weakness, and it is of 
course true that very little lubricant, if any, can be introduced 
from the groove into the loaded area of the bearing. However. 
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The power unit illustrated controls six cylinders on a 
special contour milling machine—four of which are 
rapid traverse feed and return . .. two are for 
Clamping. The unit provides a complete automatic 
machine cycle controlled by push buttons and limit 
switches, which in turn actuate solenoid operated 
437... valves. Feed rates are infinitely 
‘ adjustable throughout the range 
"4 o% of the feed control valves. 


_ 


» oo 





TIVORACL] 


There are “HY-MAC” Hydraulic Power Units that may be 
applied to grinding, milling, boring, drilling, piercing, 


riveting, pressing, etc. ... it is merely necessary to estab- 
lish the functions of the machine that are to be hydrauli- 
cally operated—and our engineers will recommend a 
Power Unit and a layout of the circuits to best do the job 
. « - Hydraulics are completely adaptable to any motion 
desired—for feed and traverse of multiple or single 
tools ... for indexing and locating ... for clamping, etc., 
all or any of the movements and in any combination. 
. . . Any designer or builder of machines can adapt 
their specific design, either partially or completely to 
"*HY-MAC’’ HYDRAULICS . . . . . «6 « 


Our engineers will be glad to make recommendation 


and preliminary proposal without obligation. 






HYDRAULIC MACHINERY, INC. 
12825 Ford Road e Dearborn, Michigan 


IV DRAULIC MACHINERY! 









Keel ‘action at x 


“Movies” are up front, too, for periods of relaxation. 


























Keeping these “Reels” rolling, is one of our assign- 
‘ments — for the projectors are operated with lighting 
equipment powered by Briggs & Stratton gasoline 
motors. This is but one of scores of “special” ap- 
plications, in addition to many major ways by which 
Briggs & Stratton motors are serving our armed forces. 





O WNERS of 4 cycle air- 
cooled Briggs & Stratton 
motors are fortunate. They 
are not only assured of de- 
pendable power during the 
present emergency, but they 
know that these sturdy gaso- 
line motors embody 
built-in features and 
# Quality that insure con- 
stant delivery of capac- 
ity power year after 

year. Now, when all 
cquipment is being oper- 
ated “around the clock”, it 
is most important to keep 
your Briggs & Stratton 
motor in tip-top condition. 
It will pay in extra perform- 
ance and even longer life. 

o 


























A book containing Operating In- 
structions, Adjustment and Re- 
pair Information is available on 
request. When writing, be sure 
to mention the model letter of 
the motor you are operating. 


BRIGGS & STRATTON CORP. 
MILWAUKEE, WIS., U.S. A. 


























on the unloaded side this type of groove distributes the lubri- 
cant evenly over the surface right down to the loaded area. On 

revolving loads, of course, the entire surface receives evenly 
| distributed flow. It may be that in certain drip or gravity- 
| feed bearing designs some particular types of grooving could be 
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advantageously used, especially when speeds and loads are low. 
When speeds and loads are relatively high, some forced flow 
must be provided to carry away the friction heat or the life 
of the bearing will be greatly impaired. 

With reference to the tests on partial bearings and the 
180-degree bearing, these tests were made on the machine 
as described under Fig. 5, on page 76 of the October issue of 
MACHINE Desicn. Forced feed lubrication was used with a 
single hole on the unloaded side of the journal. This system 
presents forced flow over the bearing surface similar to the 
circumferential groove. Some tests with partial bearings have 
been made with splash lubrication, i.e., depending on the 
axial spaces between them, but this was found unsatisfactory 
at high loads and speeds. 

The subject of running clearance as far as partial bearings 
are concerned is well known and it is also known that partial 
bearings (less than 180 degrees) may be run with no clearance. 
Our tests were made with clearance in accordance with accepted 
theory. Integral partial bearings such as referred to by Mr. 
Gjesdahl have not as yet been shown to be as satisfactory as 
the unit type. 

—EvuGENE B. ETCHELLS 
Research Laboratories Div. 
General Motors Corp. 


‘© |. alternative sources of Supply”’ 


To the Editor: 
Thanks for publishing such a fine reference as the 
“Directory of Materials” contained in your October issue. 
In today’s attempt to get useful supplies and materials, 
new friends must be made and it is often difficult to 
locate alternative sources of supply. Your October issue 

| is, therefore, a welcome addition to my files. 

—R. S. ELBERTY 

T. W. & C. B. Sheridan Co. 
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PROUDLY 


our men and women wear 





ther emblems of honor 





We are privileged to serve the war effort 
directly—in the making of important 
fire-control instruments...Our men and 
women won their first “E” Award in 
August 1941—their second in May 1942. 
It is now our privilege to fly our third 
flag—the Army-Navy Production Award 


pennant with two stars affixed. * * The 
regular K & E line is also in the service. 
Mechanical and civil engineers and drafts- 
men—engaged in war work—make daily 
use of K&E slide rules, drawing instru- 
ments, surveying instruments, drafting ma- 
chines, tracing papers and tracing cloths. 


EST. 1867 


KEUFFEL & ESSER CO. 


HOBOKEN, N. J. 
LOS ANGELES . DETROIT . MONTREAL 


NEW YORK .- 
CHICAGO . ST.LOUIS + SAN FRANCISCO 



























Now, Rods and Bars From 
Our Own Extrusion Mill 
To Better Serve America’s War Production 


A new bronze extrusion mill—one of the 
largest in the Middle West—is another Ampco 
facility to better serve American industry in 
its war production program. Just one of 
several divisions of Ampco Metal, Inc.—from 
it today comes a steady stream of rods and 
bars. In a few months, heavy walled tubing 
suitable for bushing stock will also be avail- 
able. 


The extrusion process assures wonderfully 
dense and clean metal, together with better 
physical properties — important for parts 
subject to abuse and wear. The increasing 
demand for extruded Ampco alloys made 
the new plant necessary, and it is now filling 
a long felt need. All standard grades of 
Ampco Metal and some Ampcoloy bronzes 
are available in extruded form. 


Be among the first to take advantage of 
these new facilities, with results that are sure 
to be a credit to you. Consult with Ampco 
engineers for detailed information regarding 
extruded bronze and its applications. This 
personal engineering service is without ob- 
ligation. Write today! 


AMPCO METAL, INC. 
Department MD-2 Milwaukee, Wis. 


WITHOUT AN EQUAL 


THE METAL 
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MEN OF 
MACHINES 


OR fourteen years 

vice president and 
for the past year ex- 
ecutive vice president, 
William C. Carter has 
been elected president 
of Link-Belt Co., Chi- 
cago, succeeding Alfred 
Kauffman who has re- 
signed because of ill 
health. A mechanical 
engineering graduate 
of the University of 
Illinois, Mr. Carter 
joined the Link-Belt 
Pershing Road Chicago 
plant organization as a 
draftsman in 1902. He 
has consecutively held 
the positions of engineering department supervisor, construc- 
tion superintendent, and plant superintendent. He has also 
been executive vice president in charge of production. Since 
Mr. Kauffman’s illness Mr. Carter has been executive vice 
president in complete charge of the affairs of the company. 





Q 


Dr. Epwin HowaArp ARMSTRONG, professor of electrical engi- 
neering, Columbia university, has recently been awarded the 
Edison Medal by the American Institute of Electrical Engi- 
neers “for distinguished contributions to the art of electric 
communication, notably the regenerative circuit, the super- 
heterodyne, and frequency modulation”. 


Q 


Harry Haut has been appointed chief engineer of the En- 
gine division, Worthington Pump & Machinery Corp., Buffalo, 
es 

= 

Car G. Preis, formerly chief engineer, has been elected vice 
president in charge of engineering, American Can Co. He is 
also vice president and general manager of Amertorp Corp., a 
wholly-owned subsidiary corporation engaged in the manu- 
facture of naval and aerial torpedoes. 


ced 


J. Y. Scorr, president, Van Norman Machine Tool Co., 
Springfield, Mass., and A. G. Bryant, vice president, Cleere- 
man Machine Tool Co., Green Bay, Wis., have been named 
directors of the National Machine Tool Builders association. 
They will complete the unexpired terms of GEorGE H. JOHNSON 
and JoHN S. CHAFFEE, who resigned to become director and 
deputy director, Tool division, War Production Board. 


o 


RicHarp E. Paumer, formerly in the aircraft division of the 
War Production board, has been appointed assistant to O. L. 
Woopson, vice president and assistant general manager of tie 
Bell Aircraft Corp. Following his graduation he worked as an 
engineer for the Vernille Aircraft Corp., and from 1930 to 
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FROM PEACETIME CONVEYOR BELTS 


» 





%* From conveyor belts that shuttle goods, foot by foot, along assembly lines . . . to 
giant cargo planes that span wide continents and seas with loads of war material. . . 
each presents a successful job of current control achieved with “Relays by Guardian.” 


For instance... 


THE SERIES 195 MIDGET RELAY has numerous aircraft and industrial applications and 
is one of the smallest relays ever made. It’s smaller than a match box, yet sturdy 
enough to withstand more than 20 times gravity in acceleration tests. Weighs less than 
an ounce! May be equipped with coils for operation up to 75 volts and will handle 
double pole, double throw contact combinations. Write for Series 195 Bulletin. 


THE B-4 SOLENOID CONTACTOR is used for starting motors in cargo planes, for turret 
control in bombers. It’s a 24-volt, single pole contactor rated at 200 amps continuous, 
1,000 amps surge. It withstands acceleration exceeding 10 times gravity; operates 
from sea level to 40,000 feet, from —60°F to + 170° F. In the same class are types 
A-3 (12 volts, 200 amps continuous), B-5 (24 volts, 50 amps continuous), B-6 (24 volts, 
100 amps continuous), B-7 (24 volts, 200 amps continuous). All built to U. S. Army Air 
Force specifications. Send for B-4 Bulletin for further details on these units. 





Planning for the future? Our wartime experience can help you build better peacetime products. B-4 Solenoid Contactor 


GUARDIAN W/ELECTRIC 


1601 WEST WALNUT STREET CHICAGO, ILLINOIS 


A COMPLETE LINE OF RELAYS SERVING AMERICAN WAR INDUSTRY 
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The fundamental purpose of every Cannon Connector 


is to connect electrical circuits quickly and securely. 
This theme is expressed by a single Cannon contact 
pin and its corresponding socket. The addition of more 
pins and sockets to handle more circuits is simply a 
variation of this fundamental theme. This means the 
same basic uniformity of quality and dependability in 
a comprehensive line of standard Cannon Connectors. 

In all types of equipment where electrical circuits 
must be connected quickly, safely and dependably, 
Cannon standardization makes for greater speed on 
assembly lines ... for faster service in the field... and 
for uniforrm performance under all conditions. 

With hundreds of sizes in various types and capaci- 
ties, it is more than likely that you will find a standard 
Cannon Plug to meet your special needs. Or—tell us 
your requirements and we’ll be glad to suggest the 


correct Cannon Plug for the job. 


CANNON ELECTRIC 


Cannon Electric Development Co., Los Angeles, Calif. 


Canadian Factory and Engineering Office: 









CANNON 


cannon Cannon Electric Company, Limited, Toronto, Canada 


Representatives in principal cities —consult your local telephone book 
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1932 was assistant chief engineer of the Stinson Aircraft Corp. 
He then joined Curtiss-Wright as engineer in the propeiler de- 


partment. 
= 


WILLIAM FLoyp BgEasLey, formerly principal automotive en- 
gineer, U. S. Army, Ordnance Department, Washington, is 
now chief engineer of the Tank and Motor Transport Devel- 
opment Branch, Army Ordnance department, Washington. 


EDWARD SCHMOTZER has become connected with the Nation- 
al Advisory committee for Aeronautics, Engine Research Labo- 
ratory, Cleveland, as assistant electrical engineer. 


ad 


Ropsert E. Hartsock has recently been transferred by J. I. 
Case Co. to the Gun Mount division with responsibility tor en- 
gineering on antiaircraft equipment in five plants. 


a 


IDELY 

nized as an au- 
thority on  thermody- 
namics, Harvey N. 
Davis has been named 
head of the Office of 
Production Research 
and Development, War 
Production Board. Mr. 
Davis has been presi- 
dent of Stevens Insti- 
tute of Technology for 
some time, and 
past-president of the 
American Society of 
Mechanical Engineers. 
Born at _ Providence, 
R. I., in 1881, he grad- 
uated from Brown Uni- 
versity in 1901 with an A.B. degree and in 1903 and 1906 
respectively was awarded A.M. and Ph.D. degrees by Har- 
vard university. He began his teaching career at Brown im- 
mediately following graduation. From 1904 to 1910 he was 
an instructor at Harvard and later became assistant professor 
of physics. In nine years he was made professor of mechanical 
engineering at Harvard, serving until his election as president 
of the Stevens institute in 1928. 


recog- 


is a 





* 


CuHarLes E. MacDona.p, design engineer at Menasco Mfg. 
Co., Burbank, Calif., has been appointed acting project engi- 
neer with Kinner Motors Inc., Glendale, Calif. 


od 


WiLFreED E. BETTONEY has been made test engineer at the 
Dodge Chicago plant of Chrysler Corp. Prior to this ap- 
pointment he had been assistant mechanical engineer, U. S. 
Army Air Corps, Materiel division, Wright Field, Dayton, O. 


2 


Hans Bouus.av has joined the Sterling Engine Co. of Buf- 
falo as vice president in charge of engineering. He also held 
this position with Enterprise Engineering company before join- 
ing the Sterling company. 

= 

T. P. Wricut, aeronautical expert and vice president of the 

Curtiss-Wright Corp., has been elected an honorary fellow 


of the Royal Aeronautical Society. This honor has been accorded 
to only 15 of the society’s membership. Dr. JEROME HUNSAKER, 
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Is There HORSEPOWER 


Asleep In Your Warehouse? 


You may or may not be able to take advantage of this suggestion, 
but we believe it is worth passing along on the off-chance. 


Make a thorough examination of the machine tools you have had 
to lay up in your warehouse because of drastic changes in your 
production program. They may well be a source for motors to 
power your new machines, on order or on hand, that are being 
kept out of action by unavoidable delays in motor delivery. If you 
can find motors of the right horsepower and type to meet your 
present requirements, put them to work on your war production. 


We are building Delco motors to the limit permitted by critical 
material shortages. While we do everything possible to fill orders 
for new Delco motors, make use of your “‘veteran’’ motors. 


DELCO 44 MOTORS 


PRODUCTS 


DIVISION OF GENERAL DAYTON, OHIO MOTORS CORPORATION 
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UALITY IS A DECISIVE FACTOR 
in War or Peace 





* In America, it is traditional that Quality and 
Leadership go hand in hand. Thus it was taken for 
granted that as war forced the nation to “‘draft”’ its 
production facilities, those companies who had a 
long established reputation for Quality would be in 
the forefront of war production. 


That definitely was the case with heavy duty steel 
forgings. Having hendled important government 
work as far back as the last war, National Forge was 
already ‘‘in service’? when the war clouds gathered. 
And the important assignments it has received 
since have made it more obvious than ever that if 
the forging is heavy duty it should be National 
Forged. 


NATIONAL FORGE 
& ORDNANCE Co. 


IRVINE, WARREN COUNTY, PENNA. 
“WE MAKE OUR OWN STEEL”’ 


For Excellence in Production 






Second Star Awarded for Con- T 


T Awarded for sustained 
tinued excellence Oct. 24, 1942 


excellence April 24, 1942 
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professor of Aeronautics at the Massachusetts Institute of Tech- 
nology, and ORVILLE WRIGHT, pioneer aeronautical engineer, 
also have been awarded the honor. 


* 


Water O. Wit has become associated with Tools Inc., 
Chicago as president. He resigned as chief engineer of Sery- 
ice Tool Die & Mfg. Co., Chicago. 


od 


ALFRED SONNTAG, formerly chief engineer of Riehle Testing 
Machine division of American Machine & Metals, has joined 
the staff of the testing machine department of Baldwin-South- 
wark division of Baldwin Locomotive Works, Philadelphia. 


* 


DonaLp E. Cressey, who has been aeronautical engineer, 
Douglas Aircraft Co. Inc., Santa Monica, Calif., has been 
transferred to-the El Segundo plant as aeronautical engineer. 


= 


Joe. M. Goocn has joined the Guiberson Diesel Engine Co., 
Dallas, Tex., as engineering draftsman in the research depart- 
ment. He had previously been connectd with Menasco Mfg. 
Co., Burbank, Calif. 


cod 


Joun S. RicHarps has been appointed director of research 
at American Steel & Wire Co., Cleveland. Fuiint C. E per, 
formerly director of research, is now research engineer on 
special assignments from the vice president. 


* 


M. E. First, who has been chief engineer of C. O. Bartlett 
& Snow Co., has been appointed director of the foundry equip- 
ment department of the company. Mr. First is a director of 
the company and has been chief engineer for the past twenty- 


two years. 
* 


C. H. MATHEWSON has been elected president of the Ameri- 
can Institute of Mining and Metallurgical Engineers. He is 
chairman of the department of metallurgy at Yale university. 


od 


E.utswortH L. MILLs, vice president, Bastian-Blessing Co., 
has been elected president of the International Acetylene as- 
sociation. GLENN O. CarTER, consulting engineer, The Linde 
Air Products Co., is vice president. 


J 


E. A. Ross, formerly associate professor, Industrial Educa- 
tion, in charge of aeronautics, Santa Barbara State College, has 
joined the staff of Utah State Agricultural college, Logan, 
Utah, as professor of aeronautics and head of the department. 


* 


EUGENE J. MANGANIELLO has been promoted from associate 
mechanical engineer to mechanical engineer, National Ad- 
visory Committee for Aeronautics, Langley Field, Hampton, Va. 


e 


Mary LEE Marguis has become connected with General 
Electric Co., Schenectady, as an engineer in the aircraft and 


marine department. 
Sf 


FRANK M. Kincaip Jr. has been promoted from assistant 
project engineer to project engineer of Wright Aeronautical 
Corp., Paterson, N. J. 


2 


Joun RoseEvear, who has been an engineer for twenty years 
with Westinghouse, has been appointed staff assistant in the in- 


MacuinE Desicn—February, 1943 

















Tech- 
gineer 


> 


s Inc, 
Serv- 


esting 
joined 
south- 
2. 


‘ineer, 
been 
‘ineer. 


2 Co., 
epart- 
Mfg. 


earch 
LDER, 
r on 


rtlett 
quip- 
or of 
enty- 


uca- 
_ has 
gan, 
nt. 


eral 
and 


tant 
ical 


ears 
. in- 


943 











N THE SKY 


.- AND ON THE GROUND 


Hele-Shaw Fluid Power (oil under 
pressure) helps speed up war 
effort in defense plants. 


W.. production brings out an interest- 
ing and useful advantage of Hele-Shaw 
Fluid Power. Men operating machines 
powered by a Hele-Shaw pump are find- 
ing to their surprise that speed and pro- 
duction can in some cases be increased 
without changing the design of the ma- 
chine. This is good news for anyone 
whose machine is physically capable of 
operating at higher speeds and pressures. 

Whenever less speed is required, the 
volume of the Hele-Shaw pump can be 
as easily reduced. Variable capacity is 
an advantage which helps to get things 
done in ‘43 and later. Many other Fluid 
Power advantages are explained in the 
Hele-Shaw Pump Catalog. Check and 


make sure you have a copy of it. 





Official U. S. Army Air 
Forces Photograph 





Hele-Shaw Pump 
with Type “FA” regu- 500 Ton Southwark Press, built by Bald- 
lator. This is one of many win-Southwark Division, Baldwin Locomotive 


adjustable Hele-Shaw Works, for affixing silver contacts to copper 


Fi uid Power Pump pressure regulators. buss bars. Powered by a Hele-Shaw pump. 
OTHER A-E-CO PRODUCTS: TAYLOR STOKERS, MARINE DECK AUXILIARIES, LO-HED HOISTS 


@ AMERICAN ENGINEERING COMPANY. 


2502 ARAMINGO AVENUE s Por Bee se we em PA. 
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ecify HYDRO*POWER 


A Reliable and 
Economical Source 
of Hydraulic Power 


UTES 


Modernize your present 
tydraulic equipment with 
4YDRO-POWER reservoir base 
snits. Each unit is completely 
ielf-contained, and designed 
or your particular hydraulic 
»ressure generating require- 
nents. If you are building new 
1rydraulic equipment, specify 
dydro-Power. The HYDRO- 
2OWER Radial Pump is built 
or around the cleck wartime 
ervice. Write today, stating 
rour requirements. 


IYDRO-POWER SYSTEMS, INC. 


AVISION OF THE HYDRAULIC PRESS MFG. CO. 


Mount Gilead, Ohio, U.S. A. 


HYDRO-POWER 


There is a HYDRO- 
POWER unit for every 
hydraulic be gant 
regardless of size, pres- 
sure or type. 


Ca | hy *.. 


, power 


J“ 
‘> 


» HYDRAULIC PUMPS AND CONTROLS - VALVES - CYLINDER AND RAM 
| ASSEMBLIES - POWER UNITS - SYSTEMS - SPECIAL HYDRAULIC EQUIPMENT. 














dustrial engineering and equipment department of Westing- 
house Lamp division, Bloomfield, N. J. 


° 


Ewavp J. WoLFF is now assistant head of the mechanical 
engineering department No. 6, of the Research Laboratories di- 
vision of General Motors Corp., Detroit. He formerly had 
been an engineer with this company. 


. 


Leo EpELsoNn, for the past ten years development engineer for 
Handy & Harman, has joined the Induction Heating Corp. as 
executive vice president. 


cod 


Paut P. BAvERNSCHMID has left his position as chief de- 
signer with Chandler-Evans Corp., South Meriden, Conn., to 
become design engineer for Waterbury Tool division of Vickers 
Inc., Waterbury, Conn. 


ed 


GeorcE L. MitscH has become connected with the Eastern 
Aircraft Trenton division of General Motors Corp. to work on 
special assignments, particularly in the conservation of critical 
materials. 


a 


SYDNEY J. WATERS, previously research project engineer at 
Northrup Aircraft Inc., is now consultant, aircraft division, 
Willys-Overland Motors, Toledo, O 


ce 


Joun H. SipcHeN, previously vice president in charge of 
engineering, sales and production for Manufacturers’ Equip- 
ment Co., has been named first assistant to the president ot 
Anker-Holth Mfg. Co., Chicago. He will have charge of the 
development of air and hydraulic chucks, among other duties. 


* 


AusTIN HIL.er, formerly metallurgical engineer, Planning and 
Utilities division, Pittsburgh Ordnance district, is now process 
development engineer, Remington Arms Co. Inc., Bridgeport, 
Conn. 


oO 


J. L. Bennett of Hercules Powder Co. has been elected 
president of the American Institute of Chemical Engineers. 


a 


Joun R. Ramson Jr. has joined Glenn L. Martin Co. Balti- 
more, as engineer. He formerly was apprentice engineer, 
Carnegie-Illinois Steel Corp. 


e 


Peter F. Hurst, formerly general manager of the Aeroquip 
Corp., Jackson, Mich., has become consulting engineer of Michi- 
gan Patents Corp., of the same city. 


od 


J. E. D. McCarty has been made chief research engineer, 
Simmonds-Benton Mfg. division, Vergennes, Vt. He formerly 
was with Firestone Tire & Metal Products Co. 


ced 


Lieut. P. W. BakarIAN, previously connected with Dow 
Chemical Co., is now with the Experimental Engineering sec- 
tion, Materials division, Wright Field, Dayton, O. 


ed 


U A. Patcuett has been transferred from the engineering 
department of Chrysler Corp., Highland Park, Mich., to the 
new aircraft engine company, the Dodge Chicago plant, where 
he is engineer in charge of production tests. 
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Machine 


Base for 
Multiple Spindle Drill 
for Drilling 

Rifle Barrels 


‘N order to meet 
vital war production schedules on 
time, machine tool manufacturers 
must be sure of getting the Machine 
Bases and Frames they need— 
when they need them. 


in ever-increasing numbers, there- 
fore, they are buying bases built 
by Mahon. 


Years of specialized experience in 
producing intricate designs and 
unusual sizes and shapes—plus as- 
surance of delivery as promised—has 
established the Mahon organiza- 
tion as an exceptionally depend- 
able source of supply. 


Your blueprints will receive our 
i diate attenti Quotations 
will be sent you without delay. 


THE R. C. MAHON COMPANY 
DETROIT @ CHICAGO 
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THE CHERRY RIVET 


This mechanica! blind rivet, when applied 
with a hand gun, is the logical soiution 
to riveting difficulties in field repair work 


on all types of aircraft. 


The Cherry Blind Rivet requires no bucking bar, is applied 
quickly in blind spots and has high shear and fatigue 
values. These qualities make it ideal for handling all types 
of aircraft repair work where blind spots are frequently 
encountered. 

Cherry Rivets in both brazier and countersunk types are 
made in 1/8”, 5/32” and 3/16” diameters with four grip 
lengths. They may be applied with the hand gun shown 
below when air power is not available. For shop work a 
pneumatic gun offering some advan- 


tage in speed may be used. 


WRITE FOR NEW HANDBOOK— 


A 16-page Handbook giving complete informa- 
tion on the Cherry Riveting Process is just off 
the press. A copy will be sent without obli- 
gation if request is made on your business 


letterhead. 


Cherry Rivets, their manufacture and application 


are covered by U.S. Patents issued and pending. 
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NOTEWORTHY 
PATENTS 


Controls Airplane Landing Wheel Speed 


ARGE tires on airplane wheels take severe punishment 

when the plane lands, due to the fact that they must ac- 
quire, from rest, a speed of rotation corresponding to the land- 
ing speed of the ship. The wheels, having a large moment 
of inertia, are forced to slip for some time before reaching the 
proper speed and considerable rubber is stripped or burned 
off at each landing, especially on concrete runways. A design 
providing means to start the wheels rotating prior to landing 
and also to furnish a smooth braking action during the landing 
run is covered by patent 2,298,523, assigned to Bendix Avia- 
tion Corp. 
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Fluid coupling outer element 
Fluid coupling inner element 


3 "AR RY N SS / 


Fluid coupling transmits power from spinner motor to 
wheels, also serves as brake during landing run 


Each wheel is mounted on an antifriction bearing supported 
by the fixed axle, as shown in the illustration. Power for 
rotating the wheels prior to landing is furnished by a spinner 
motor mounted inside the hollow axle and driving the sun gear 
of a planetary unit through an overrunning clutch. Ring gear 
of the planetary unit is attached to the fixed axle, while the 
planet pinions are mounted on pins attached to the outer ele- 
ment of a fluid coupling. Inner element of the coupling is se- 
cured to the wheel hub by a shear pin as shown. 

When the plane is about to land, the spinner motor is 
energized and drives the w‘1eel through the planetary unit and 
the fluid coupling, the outer element of which is the driver 
in this case. At the moment when the landing gear reaches 
fully extended position just prior to the wheels touching the 
ground, a circuit breaker connected with the landing gear 
interrupts the current to the motor. Wheel speed at the in- 
stant of contact with the ground is somewhat less than that 
corresponding to the landing speed and the subsequent run 
further accelerates the wheels. The overrunning clutch per- 
mits the spinner motor to stop and the wheels to speed up. 

At a predetermined maximum wheel speed centrifugal 
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cine 
. NOISE and 


VIBRATION 


B OTH ARE IMPORTANT factors affecting the operation 

of mechanical equipment. When their magnitudes 
exceed certain predetermined limits, usually based on 
experience, they are symptoms of misalignment, incor- 
rect adjustment, excessive wear, or possibly faulty de- 
sign or manufacture. 


Hundreds of the country’s leading manufacturers of 
mechanical equipment use General Radio noise and 
vibration meters* as aids to design, production and in- 
spection. These instruments are simple, compact, ac- 
curate and easy to use. 


As a further aid to mechanical engineers interested in 
noise and vibration measurements, we are publishing in 
our monthly magazine, the General Radio EXPERI- 
MENTER, a series of articles on the principles and pro- 
cedures involved. A request on your company letter- 
head will bring these articles to you each month as thev 
are published. 


ASK FOR BULLETIN NO. 830 


*Because all our facilities are devoted 
to war projects, these meters, at present, 
are available only for war work. 


PUNCH PRESS 


GENERAL RADIO COMPANY - Cambridge, Massachusetts 


155 





Macuine Desicn—February, 1943 

















C UNITS 
THESE HYDRAULI 

WILL GIVE YOU ADDITIONAL 
MACHINING CAPACITY 


[with Present Equipment 









Chambering Machine. 





lic Unit for Special Machine. 


tank which is integral with Ma- 
chine. 

4 Self-Contained Hydraulic Unit— 
Complete with Pumps, Valves and 
Tank. 


A Simple Change in YOUR Machine Design 


By simply converting your mechanical feed transmission 
to smoother hydraulic feed you can shift all the equipment 
now used to cut gears, splines and cams to other urgent 
work. In addition, you release the precision machine tools 
now used to mill, drill and bore mechanical feed transmis- 
sion housings for other work. You also gain all the skilled 
man power now used on these operations. Figure your 
own savings. Then design your machines with hydraulic 
feed. Here’s how: 


The Barnes Unit-Type method of securing hydraulies for 
metal working machines and other mechanical structures 
offers one of the fastest and most efficient hydraulic design 
services available. 

Complete circuits are designed and built from Barnes 
standard hydraulic elements — pumps, valves, etc. These 
are assembled in compact, self-contained units or panels 
simple to install—SAVES DESIGN AND ASSEMBLY 
TIME, SPEEDS DELIVERY. 

TWO METHODS AVAILABLE 

Method I1—Barnes Self-Contained Hydraulic Unit can be designed 
with necessary pumps and valves to complete hydraulic functions 
of your machine. Oil reservoir is included — providing cylinder 
space and connecting two pipes to each cylinder constitutes your 


total hydraulic effort. [nnn 
FARNES 


Method 2—Use a Barnes Panel Unit—similar to 
above, except provision must be made in machine 
for oil reservoir and motor mounting. 


FREE DATA hydhay 
40 page booklet contains detail descriptions of te 
Barnes Hydraulic elements and typical installa- «3 






tion circuits. Write for your copy today. Ask for 
Bulletin M.D. 243. 


John §. Barnes Corporation 


DETROIT SALES OFFICE MAIN OFFICE 
503 NEW CENTER BLDG. AND FACTORY 
TR-1-1706 ROCKFORD, ILL. 
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1 Compact Hydraulie Unit for Rifle 





2 Coniplete Self-Contained Hydrau- 


3 Panel Unit complete except for 






action on governor weights overcomes the resistance of g 
governor spring and engages a brake through a cam and lever 
mechanism. The brake locks the outer element of the fluid 
coupling to the fixed axle and the coupling then functions as 
a fluid brake exerting a decelerating effect on the wheel and 
plane. The brake is prevented from releasing itself as the 
speed drops by a spring-loaded detent which registers with a 
groove in the brake control spindle when in the braked posi- 
tion. To release the brake after the plane has come to rest, 
tension applied to a cable terminating in a handle in the cock- 
pit presses the release rod against the brake control spindle, 
displacing the detent and allowing the spindle to move out- 
ward. During take-off the spindle is held in the outward 
position to prevent reapplication of the brake as the wheels 
gain speed. 


Multiple Hydraulic Drive 


HERE hydraulic power transmission is applied te ma- 

chines which have a number of -separate driven ele- 
ments it is often advantageous to employ: a single pump sup- 
plying several fluid motors. With motors connected in paral- 
lel the circuit acts as a differential gear, delivering power to 
whichever motor carries the lightest load. Series connection, 
on the other hand, maintains a fixed speed ratio between the 
motors but imposes a pressure on the pump which is the sum 
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Motor C Motor D 
J O 
CoA ABA 
Selector valves 
(*) 
Motor A Moior B 
( 2p — Ly I 
me 
Flywheel 
Relief valve 
Pump 
Reservoir | 





Four driven elements maintain fixed speed ratio 
with free interchange of load 


of pressure loads on all motors. A circuit for multiple drive in 
which these objections are overcome, permitting a definite 
speed ratio and free interchange of load, is the subject of patent 
2,301,098, assigned to Vickers Inc. 

Pump discharge passes through a relief valve and is de- 
livered to motors A and B which are in parallel. Each drives 
a separate section of the machine and the speeds of the two 
are synchronized by a connecting shaft carrying a flywheel. 
Outlet from each motor leads to a selector valve from which 
fluid may be conducted either to another motor or ,back to the 
reservoir. 

In operation with the selector valves in the positions illus- 
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SUNDSTRAND Hydraulic Units 


Milling the curved surfaces of airplane propellor hub 
spiders is speeded up by the use of a Sundstrand Fluid 
Motor which rotates the head on the milling machine 
shown above. Sundstrand says in part, ‘All of the parts 
(of the motor) are designed for precision manufacture 
to exceedingly close limits. Friction ketween moving 
parts is negligible...” 

Here then is a logical application for RBC CYCLOPS 
Bearings, anti-friction type carrying heavy radial loads 
and occupying minimum space. It is a self-contained 
bearing with a one piece through hardened and ground 
outer race encasing a full complement of rollers. An 
oil groove in the race eliminates the necessity of groov- 
ing the housing while a snap ring channel makes it 
easy to locate and secure the bearing in the housing. 


On any problem affecting the application of roller 
bearings to any type of machinery or industrial equip- 
ment, call on RBC engineers. 


ROLLER BEARING CO. of AMERICA 


TRENTON....NEW JERSEY 
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FLEXIBLE SHAFTING 


is Your Answer 


Around bends .. . through complicated 
angles ... in tight spots—Stow Flexible 
Shafting is invaluable for transmitting 
torque in modern machine design. Not 
only does it eliminate costly gearing, uni- 
versal joints, slip joints, bearings, but it 
also takes less space, needs no attention 
and always functions steadily and depend- 
ably. Stow Flexible Shafting stands shock, 
resists heat and vibration, is cheaper to 
install, costs almost nothing to maintain. 


TOMORROW'S DESIGN 
INCLUDES FLEXIBLE SHAFTING 
STOW Flexible Shafting has made a 


name for itself in ordnance, aircraft, ship- 
building and other important lines. As 
vital war production relies more and more 
on STOW, so future design will auto- 
matically include provision for this great 
aid to streamline-styling, simple operation, 
economical manufacturing. Send for your 
copy of “The How and Why of Flexible 
Shafting”—you’ll want this valuable engi- 
neering data for suggestions and reference. 








STOW Flexible Shaft 
MOBILE UNIT... 


Here’s a way Flexible Shafting 
can begin to work in your plant 
right now—a way to take power- 
driven tools directly to the jobs— 
to avoid the time and labor loss 
of taking heavy, unwieldly pieces 
to a stationary tool. For both pro- 
duction and maintenance, Stow 
Flexibie Shaft Mobile Units are 
doing important wartime service. 
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STOW MANUFACTURING CO., INC. 
11 Shear St., Binghamton, N. Y. 


Inventors of the Flexible Shaft 
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trated, motors A and B are driven at a speed determined by 
the pump speed, and discharge to the reservoir. Discharge 
from each is proportional to its displacement. Since both mo- 
tors operate at the same pressure differential, the power de. 
livered by either motor may be either wholly or partially used 
in driving the mechanism to which it is immediately connected, 
the connecting shaft serving to transfer surplus power from 
one to the other as needed. 

When the left-hand selector valve, for example, is shifted, 
diverting the discharge from motor A through motor C, the 
latter starts up and imposes a high back pressure on motor A. 
The momentary decrease in output of motor A, however, is 
made up by the absorption of energy from the flywheel, thus 
preventing overload on the pump. Motor D is brought into oper- 
ation in a similar manner. As the relative loads on the different 
fluid motors vary, a heavily loaded motor may be assisted by 
a lightly loaded motor so long as the total load on the system 
is within the capacity of the pump. 


Permits Frictionless Axial Movement 


HEN a flexible coupling which permits axial freedom 

with minimum friction is required, the design covered 
by patent 2,296,955, assigned to Mather & Platt Ltd., offers a 
solution. 

As shown in the illustration, driving pins secured m one 
flange of the coupling extend into metal-bushed sleeves of 
rubber or other resilient material assembled in the opposite 
flange. Fitted into the end of each coupling pin within the 


Resilient sleeve 
Metal bushin 







Driving pin 





\ 





\N 






Cross pin 


Antifriction bearing mounted in driving pin permis 
free axial movement between coupling halves 


sleeve is a cross pin on which is mounted a ball bearing. 
Spherical outer race of the bearing and bore of the metal bush- 
ing have a slight clearance which permits rolling freely when- 
ever axial movement occurs. The resilient sleeves provide the 
necessary freedom in directions other than the axial. 


OMPRISING a standard Slotmaster and an ingenious in- 

dexing mechanism for slotting the teeth on clutch jaws, 
a special machine has been built by the Hoover Tool & Die 
Co. and the Experimental Tool & Die Co. Built-in master 
cam feeds the part against the special slotting tool by means 
of an indexing ratchet operated by the main shaft. Thus the 
slotting strokes are synchronized with the movement of the 
master cam. The machine completes the cycle automatically 
and the finished part is an exact duplicate of the master cam. 
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WORM GEAR DIVISION 


N. J. 


of the De Laval Steam Turbine Co., Trenton, 


D TRIFUGAL, PROPELLER 
TURBINES TEAM, HYDRAULIC; PUMPS CENTRIFUGA a 
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THIS IS WHAT "BUCKET DESIGN" 
BLACKMER ROTARY PUMPS DO FOR 
PUMPING EFFICIENCY IN YOUR PLANT 





BLACKMER VOLUME 
REMAINS PRACTICALLY 
CONSTANT DURING 
LIFE OF THE BUCKETS 

THIS CURVE SWINGING VANES 
INDICATES THE 
EFFECTS OF WEAR 
UPON A CONVENTIONAL 
TYPE ROTARY PUM 


YEARS OF SERVICE 





The wvucket vesign” (swinging vane) principle gives 
Blackmer Pumps this sustained efficiency—makes them 
self-adjusting for wear. These sketches show you why. 
































Wear is confined to these This much can wear away 


gg I Re Pi without affecting the ca- 
vanes). pacity of the pump. 





BLACKRIER | 
Walsore-Wicke | 
PUPED-ENGINEERING 
\__ * SERVICE- 
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When finally worn out, Ready to help you solve any 


the ‘‘buckets’’ are _ re- roblem involving rotary 
placed (a 20-minute job) P text ° ° 
and the pump is restored pumps. Telephone, wire or 


to original efficiency. write our plant. 


Bulletins FREE to Design Engineers 


No. 130: BLACKMER GENERAL CATALOG 
No. 301: FACTS about ROTARY PUMPS 
No. 302: PUMP ENGINEERING DATA 


Write Blackmer Pump Company, 1972 Century Ave., Grand Rapids, Mich 
POWER PUMPS: 5 to 700 GPM—to 300 psi. HAND PUMPS: 7 to 25 GPM. 54 mode's 





“BUCKET DESIGN’“SELF-ADJUSTING FOR WEAR 
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ASSETS to a BOOKCASE 


Engineering Mechanics 


By B. B. Low, lecturer in mechanical engineering, 
Military College of Science (Great Britain); pub- 
lished by Longmans, Green & Co., New York; 252 
pages, 5% by 8% inches, clothbound; available through 
MacHINE Desicn, $4.50 postpaid. 


Dealing mainly with kinematics and dynamics, this book 
will appeal to design engineers because of its straightforward 
presentation and concise style, although written primarily as a 
college text. Beginning with an introduction to velocity and 
acceleration and their representation by vectors, the book con- 
tinues with a discussion of the use of velocity vector diagrams 
and instant centers, analytical solutions of velocity and accele- 
ration problems, graphical solutions, force, torque, work, en- 
ergy, dynamical similarity, simple harmonic motion, analysis 
of cams, motion of rigid bodies, vibration, and deflection of 
beams. 

Calculus is freely used in the analytical discussions, thus 
overcoming an objection to many of the texts written for use in 
this country. The latter too often cover the subject inade- 
quately because of the apparent attempt to avoid calculus. 

It is of interest to note that three generations of Lows have 
participated in the book. Originally inspired by the author’s 
father D. A. Low, well known as the author of “Applied Me- 
chanics” to which this book is a companion volume, the text 
and problems have been completely checked by his son, E. D. 
Low, who also worked out the answers to the 172 practice 
problems included. 


O QO ODO 


Plastics for Industrial Use 


By John Sasso; published by McGraw-Hill Book Co. 
Inc., New York; 229 pages, 6 by 9 inches, clothbound; 
available through Macuine Desicn, $2.50 postpaid. 


Recognition of plastics as engineering materials, entitled to 
consideration as such on their own merits rather than simply 
as alternates, is producing the inevitable crop of books on the 
subject. Of these the volume under review, author of which 
is associate editor of our contemporary, Product Engineering, 
is the latest. Emphasizing throughout the general aspects of 
plastics application, the book is a thoroughly practical refer- 
ence for plastics users. In addition to discussion of each of 
the more important materials, chapters are also included on 
principles of design and of molding and mold design. 


Prepared primarily for the use of engineers in industry, 
“Die Casting for Engineers” is a comprehensive 148-page book 
of unusual interest. Sections are devoted to principles and 
history of die casting machines, alloys for die casting, elements 
of die construction, application, specifications, inspection, tests, 
flash removal, machining practice, and jigs and fixtures for ma- 
chining die castings. The section en alloys includes com- 
position and mechanical properties of the commoner zinc, 
aluminum, magnesium, copper, lead, and tin alloys used in 
die casting. Measuring 6 by 9 inches, the book is available 
from The New Jersey Zinc Co., price $1.00. 
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RUSSIA 














ON EVERY FRONT, mechanized armies depending 
upon ball bearings, would lose the power of swift 
movement if deprived of them. Your BCA Ball 
Bearings are assets of war—truly more valuable 
than gold! Care for them accordingly. Bearings 


Company of America, Lancaster, Pennsylvania. 


RADIAL « ANGULAR CONTACT « THRUST 


BALL BEARINGS 
r 7 


SUGGESTIONS ON THE CARE OF BCA BALL BEARINGS 


1 Use only neutral mineral lubricants. | chamber of housings that have shaft ball dips in to one-half its diameter. 

nae : 7 and bearing seals. Otherwise, exces- 

2 When lubricating with grease, it is sive pressure may cause the destruc- 5 Keep bearings in their original wrap- 
not or ape oP we Pee j tion or blowing out of the seal. pings until they are to be mounted. 
more than one-half to two-thirds full. oo , 7 . 

4 When lubricating with oil, keep only Before mounting, thoroughly clean | 


q 3 While greasing, vent the grease enough in the housing that the lowest __ the shaft and housing. 
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/oosened 


HEY’RE on oil well pumps—some for twelve years. 
They’re standard equipment on rock drills—industry’s 
toughest fastening problem. 

They’re on tanks, planes, guns—ail kinds of wartime material 
—all kinds of peacetime equipment. 

All told, billions of Elastic Stop Nuts have gone to work. 

And as far as we know, not one has failed to do its job. 

That job is to hold fast and stay put—come what may in the 
way of vibration, jar or chatter. 

Of course the need for such dependable fastenings in war 
goods and planes is paramount. Some planes take as many as 
35,000 in a single ship. 

So even at our 4,000,000-a-day rate (which soon will double) 
the demand keeps growing. 

But this constant call for more and more—to meet the exact- 
ing responsibilities of war—gives ample proof that Elastic Sto; 
Nuts answer every need for secure locking and speedy fabri. 
cation. 





Write for folder explaining the Elastic Stop self-locking principle. 


ELASTIC STOP NUT 


CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, N. J. 








“How Acceleration Analysis 


Can Be Improved 


(Continued from Page 102) 


where [Cp] (w’ — w)? = V>pp?/[Cp], the usual form em- 
ployed in computations. 

This is the relation known as Coriolis’ law of accelera- 
tion in plane motion. The component 2V,pw is what is 
known as the Coriolis component, or the compound sup- 
plementary acceleration. 

The component [Cp] (a’ — «) is tangent to the path, 
in the direction of V,p is V,p is increasing, in the opposite 
direction if V,,, is decreasing. It will be designated by the 
symbol At». 

The component [Cp] (w’ — w)? is normal to the path, 
directed from p toward C. It will be designated by the 
symbol A",p. 

The direction of the component 2V,,« depends upon 
both the direction of V,p and the direction of w. A good 
rule to use is the following: Turn the vector Vpp 90 de- 
grees about its origin in the direction of » (clockwise or 
counterclockwise). The direction in which this vector now 
points is the direction of the acceleration component 
2V pw, (see Fig. 4). 

Equation 11 for App should be compared with the ex- 
pression for Ajc: 


A pp=[Cp](a’—a) +— [Cp] (w’—w) *+— 2[Cp] (w’—w) 
Ayc=[Cp]a’ +— [Cp]w’- 


It should be noted that when the body is stationary or has 
a motion of pure translation, » — O and g = O, then 
Age == Ago. 

In order to gain an idea of the physical significance of 
the Coriolis component let us imagine ourselves mounted 
on non-skid roller skates. The skating rink will be a large 
disk, or turntable, revolving at » radians per second in a 
counterclockwise direction as viewed from above. First 
let us try skating radially outward from the center of the 
disk at V feet per second relative to the disk. The effect 
of centrifugal force tending to increase our speed out- 
ward will of course be felt. Also it will be found neces- 
sary to lean well to the left to avoid toppling to the right. 
This second effect is due to the Coriolis component of our 
acceleration. The situation is illustrated at a in Fig. 5. 
The presence of the component 2Vw can be explained in 
the following manner. The vector representing our 
velocity relative to the disk is continually changing direc- 
tion due to the rotation of the disk at angular velocity », 
giving us an acceleration Vw. Also, since we are moving 
outward toward a point of higher velocity on the disk, 
our velocity relative to the ground must increase to avoid 
skidding to the right. This gives us the second half of the 
Coriolis component of acceleration. 

Now let us attempt skating in a circle of radius R, 
counterclockwise on the disk, as shown at b. This time 
only centrifugal force will be felt. Our acceleration will be 
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MODERNIZE 





It is because they now have so many important war jobs to do— 
so many jobs that cannot be done so well or so quickly by any other 
method—or any other material. 

In a wartime industry that must produce on a scale we’ve never 
dreamed of before, at speeds that set new records every day, Steel 
Castings are savers of time and labor. 

They take less time to get ready to go—a pattern can be 
made faster. 

They save machine work—because they can be produced close 
to final form and dimensions. 

They save assembly time—by combining many parts in one. 

They save labor, by requiring less handling of parts, less machin- 


ing, less ‘“‘cutting and fitting.” 


So it is not surprising that the Steel 
Foundries of America are today producing 


at three times their prewar rate. 


Someday—we hope it will be soon—the war will be over. 

In the job that will follow, in again resuming peacetime produc- 
tion, the values that have made Steel Castings so essential in war 
will make their contributions to the great array of new things that 
will be built to maintain our American way of life as the best in 


the world. 


Steel Founders’ Society of America 
Cleveland, Ohio 


IMPROVE YOUR PRODUCT WITH 



























the sum of the components Rw* (the acceleration of the 
point beneath our feet), V?/R due to the fact that we are 
traveling a curved path on the disk, and the component 
2Vw. It will be necessary to lean well toward the center 
to maintain balance. Again, one half of the Coriolis com- 
ponent is caused by the turning of our relative velocity 
vector V at rate w. The second half is due to the fact that 
the point we are approaching on the disk has a velocity 
different in direction from that of the point we have just 
left and our absolute velocity must change accordingly 
to avoid slipping. 


Components Opposed When Direction Reversed 


If we reverse direction and travel in a circle clockwis.> 
on the disk the situation will be as shown at c. Our ac- 
celeration will now be made up of the components Rw” and 
V?/R directed toward the center and 2Vw directed out- 
ward from the center. It will not be necessary to lean 
as far inward to maintain our balance as in the previous 
example. By skating fast enough we can reduce the re- 
sultant force to zero and stand upright. That will occur 
when V = Rw and the Coriolis component just cancels 
the sum (Rw? + V?/R). In that case we should actually 
be standing still relative to the earth. 

In general, regardless of the path we attempt to follow 
on the revolving skating rink, we shall always be subject to 
the acceleration 2Vw, one half of which will be due to the 
changing direction of our relative velocity caused by ro- 
tation, and the second half due to the fact that at any in- 


stant the point we are approaching has a velocity differ- 
ing either in magnitude or direction, or both, from that 
of the point we have just left. 

To summarize, the following relations are necessary for 
the analysis of any mechanism in plane motion: 

For any three points: 


Veco = Vz0+— Ver 
Aco= Azo+—Acr 


For two points on the same link: 


Vic =([CB]w 
Asc= A"sc+— A'sc =|CB)u*®+—[CBla 


For two coincident points on different links: 


Vpp=([Cp] (w’—w) 
A pp= A'pp+— A"pp+—2 Vppw 
=[Cp] (a’—a)+—(V>p)*[Cp]+—2 Vppw 


In the second, and final article several problems will be 
worked out in detail to show the application of this analysis 
to the construction of velocity and acceleration polygons. 








Centrifugal Bronze Castings by SHENANGO-PENN 


@ Centrifugal casting is a process that assures castings 
of uniform density and greater strength . . . castings 
that deliver long trouble-free service. As practised by 
Shenango-Penn, the castings are of highest quality— 
they can be relied upon for exacting and uninterrupted 
performance. For contractors in war industries our 





164 


ALL BRONZES * MONEL METAL ° ALLOY IRONS 


complete machining facilities are an added advantage. 


Write for these bulletins today. They describe 
our products, alloys and facilities in complete detail. 


For Marine Service Products ; ; < ask for Bulletin No. 142 
For General Industrial Uses . . . ask for Bulletin No. 141 











Bearings « Bushings 
Pump and Cylinder Linings 
Propeller Shaft Sleeves 






"1205 W. THIRD ST., DOVER, OHIO 
Executive Offices: Pittsburgh, Pa. 


SEM Se Re, PLETE. REESE So 
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You can automatically 
lubricate every bearing 
on a machine with a 


LINZLULN 











Speed-up war production with the aid of a Lincoln a 


Centro- Matic Lubricating System... Easily installed on 


new or old machines, and makes it possible to lubricate SIMPLE TO INSTALL 


all bearings from a single source... Permits machines to 





Lincoln Centro- 
Matic injectors 
canbe used either 
in manifold 
groupings or as 
single units de- 
pending upon 
the requirement. 


run 7 days and 7 nights a week without taking time out 


for lubrication service. 


A Centro-Matic System consists of a number of Centro- 
Matic Injectors—one for each bearing—and a hand oper- 





ated or a power operated Centro- Matic Lubricant Pump. 


Lincoln grease line accessories—high-pressure 
fittings and adapters, connectors, connector 
tube assemblies, compression couplers, bush- 


ings and lubricant hose. Q 


Lincoln Model 1840 Lincoln Model 1805, 
fully-automatic elec- Manually operated 
tric Lub- Centro- 
rigun, Matic 
30-lb. Pum P» 
Capacity. 2-Ib. ca- 
pacity. 


A power operated system can be semi-automatic or it can 
be full automatic. The injectors can be grouped in mani- 
fold or located separately at each bearing. In either 
arrangement only a single lubricant supply line is required. 


ARMY-NAVY PRODUCTION AWARD 
for high achievement in the production of 
war equipment has been conferred upon the 
Lincoln Engineering Company. It serves as 
inspiration toward greater and greater ac- 
complishment until the time of final and 
complete Victory. 142-19 


Write us today for complete information 










Lincoln Model 1787 Air 
motor operated, 400-Ib. 
drum pump. Pumps lubri- 
cant direct from original 
refinery container and is 


BT CHG Maa CMO RM full aucomatic with time 


clock control, 

























Pioneer Builders of Engineered Lubricating Equipment 


ST. LOUIS, MO., U. S. A. 
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SENSITIVE 
RELAYS 


CS SERIES 


Designed specifically for such ap- 
plications as vacuum tube plate 
circuit control; photo electric cell 
devices; sensitive temperature 
and pressure control and many 
mobile applications such as radio 











in aircraft and marine services. 
Mounted within a molded phen- 
olic enclosure, covered withta 
removable transparent window, 
they are, at once, dustproof, pro- 
tected from damage, and readily 
accessible. Other outstanding 
advantages are: stability of ad- 
justment (fixed contact spacing 
maintained with gap adjustment); 
increased contact pressure; free- 
dom from sticking; light weight, 
only 6/2 ozs.; moisture-proof 
coils; low input wattage. Unaf- 
fected by extreme variations in 
temperature and air pressure. 
Available in many combinations 
of coil and contact ratings. Write 
for details of CS Series Relays. 


GENERAL CONTROLS 
801 ALLEN AVENUE * GLENDALE, CALIFORNIA 


Branch Offices: 
Cleveland * Detroit * Chicago * Dallas * San Francisco 


Boston * New York * Philadelphia 
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Mechanics will welcome the intro- 
duction of the Pat Precision Gauge, 
with improved feature of close ad- 
justment. The Pat Precision Gauge 
is a dependable and handy measur- 
ing tool and is offered at a very 
reasonable price. « The Pat Preci- 
sion Gauge is 10 %4 inches in height, 
has a full 654 inch range. It can be 
converted from a calibre to a height 
gauge in ten seconds, and has direct 
reading inside. and outside. 

The Pat Precision Gauge has many 
new features, including the follow- 
ing:— Plastic baseSifiaking it lighter 
and rust proof; cast jron sole plate 
for longer wear; detachable scriber ; 
swift motion assembler with elimi- 
nates all thumb screws; self-locking 
sensitive adjustment. 
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BUSINESS AND 
SALES BRIEFS 


LECTION of Edwin Olney Jones as a vice president has 
been announced by Federal-Mogul Corp., Detroit. Mr. 
Jones, who also continues as sales manager of the company’s 
original equipment division, has been associated with the com- 
pany since it was organized in 1924. He has been a director 
since 1929. 
+ 


A. R. Abelt, secretary of Baldwin-Duckworth division, has 
been elected a director to replace F. J. Weschler. In addi- 


tion to being made a director, Mr. Abelt was also elected a ' 


vice president. He joined the Chain Belt organization in 1907 
and literally grew up with the company. In 1922 he was 
made sales manager of the Chain Belt and Transmission di- 
vision, retaining this position until early in 1942 when he be- 
came manager of that division. 


e 


In charge of metal sales for The New Jersey Zinc Sales 
Co. in the Chicago area, D. P. Brannin now becomes district 
sales manager of the pigment and metal sales division, with 
headquarters in Chicago. J. P. Dunphy, of the New York 
sales department, has been made district sales manager, pig- 
ment division, with headquarters in New York city. 


¢ 


Appointment of Earl S. Patch as mechanical engineer in 
charge of application engineering has been announced by 
Henry L. Crowley. & Co., West Orange, N. J., producers of 
highly specialized materials and parts such as powdered iron 
cores and steatite or ceramic materials. Mr. Patch was for- 
merly sales manager of the Moraine Products Division. 


* 


American Leather Belting association, 53 Park Row, New 
York, has appointed Roy C. Moore, of Charles A. Schieren 
Co., New York, as president, George L. Abbott, of Graton 
Knight Co., Worcester, Mass., as vice president, and Arthur 
H. Rahmann, George Rahmann & Co., New York, as treasurer. 


¢ 


Formerly eastern manager of Kold-Hold Mfg. Co., Frank 
A. Haag has been made sales manager, with headquarters in 
the main office at Lansing, Mich. He succeeds Paul R. 
Porteus. 

¢ 


Promotion of A. Frank Golick, assistant general manager of 
sales, to general manager of sales, LaSalle Steel Co., Chi- 
cago, has been announced. He joined the company in 1939 
as a member of the metallurgical engineering department and 
became assistant general manager of sales the following year. 

‘ 4 


Removal of the St. Louis district warehouse from 4063 
Forest Park avenue to new and larger quarters at 712 Cass 
avenue, St. Louis, has been announced by The Carpenter 
Steel Co., Reading, Pa. Need for the new warehouse has 
been brought about by increased wartime demands. K. L. 
Crickman, district manager,, will be in charge of the new 
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effects of aroma 


HEN the use of aromatic 
aircraft fuel became wide- 
spread, manufacturers of gasoline- 
handling equipment found them- 
selves face-to-face with perplexing, 
new sealing problems. Gaskets and 
packings which were perfectly satis- 
factory in the presence of ordinary 
aircraft fuel would swell, stick, or 
deteriorate rapidly in contact with 
aromatic blend. 

In this case, it was a 
manufacturer of an aircraft 
gasoline strainer who had 
to cope with the aromatic 
fuel problem. Since the gas- 
ket in question was exposed 
to the fuel, a sealing ma- 
terial was needed which 
would not be subject to its 
destructive effects. In addi- 
tion, since the strainer must 
be periodically taken apart 
for cleaning, a non-sticking 


Macuine Desicn—February, 1943 





material was desired to permit easy 
removal of the cap and to enable 
re-use of the gasket. 


Solution 
Armstrong’s_ sealing specialists 
were already experienced in dealing 
with aromatic fuel. When this man- 
ufacturer gave Armstrong his gas- 
ket problem, it was quickly solved 


ARMSTRONG’S 
GASKETS - SEALS 
PACKINGS 


4) 


Rubber-like Synthetics 


*Cork-and-Synthetics ¢ Cork-and-Rubber 
Cork Compositions ¢ Fibrated Leather 


* PORMI 





el in a gas° 


S 


which would 
line strainer. 


. . . for one of Armstrong’s Cork- 
and-Synthetic Compositions (NC- 
711) has all the mechanical sealing 
properties required plus resistance 
to the attack of aromatic fuel. 


Rolls, Sheets, Gaskets, Molded Parts 


The Armstrong Line includes 
various cork, synthetic, cork-and- 
synthetic, and cork-and-rubber 
compositions; fiber sheet 
packings; and rag felts. 
Materials having virtually 
any desired physical prop- 
erties are available in rolls, 
sheets, cut gaskets, and 
molded or extruded shapes. 
So if you have a sealing 
problem, let Armstrong’s 
sealing specialists supply 
the solution. Address Arm- 
strong Cork Company, In- 
dustrial Division, 5102 
Arch Street, Lancaster, Pa. 
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I'LL SEE 
THE BASE 


BE SURE AND MOUNT 
THAT PUMP EVENLY! 
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How To Get The Most Work 
Out Of Your VIKING PUMPS 


When mounting a Viking Rotary Pump and bolting it 
down, be sure that the base is not sprung. Bolting the 
pump down over an uneven surface may cause binding 
and heating in the stuffing box. It may cause working 
parts of the pump to bind and wear beyond repair in a 
short time. The pump must be free enough to tum the 


shaft by hand. 


Get extra wear out of your Viking Pumps by giving 
them extra care. The Viking Service Manual tells you 
how. It's a handy, illustrated booklet 
giving you practical help in mounting, 
operating and maintaining Viking Pumps: 
Write for your copy today. It's FREE. 


COMPANY 


CEDAR FALLS iOWA 











i 
Gear involute checking ma- 
chine in Fairfield’s Gear 


Laboratory. 





ERE’S where Fairfield gears are checked for ac- 

curacy and conformance to specifications. No im- 
perfections escape the equipment nor the engineers 
in this department. This is just part of the extensive 
facilities Fairfield maintains to assure customers of get- 
ting the finest possible gears to meet the most exacting 
specifications. Ability to do the job the way it’s prom- 
ised and deliver when it’s promised has made Fairfield 
the choice of many of the nation’s leading war pro- 
duction manufacturers. 


FAIRFIELD <2#/ 


MANUFACTURING COMPANY 


311 South Earl Avenue e Lafayette, Indiana 
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warehouse which will also be the headquarters for district 
representatives, John A. Koch and William I. Potteiger, 
. 

In a recent announcement, Celanese Celluloid Cuorp., New 
York, has called attention to Celluloid, first plastic introduced 
in America, marking its seventieth anniversary. No celebra- 
tion is being planned because the company is hard at work 
producing this material for war requirements. 


6 

Transamerica Corp. has acquired control of Adel Precision 
Products Corp., Burbank, Calif., aircraft equipment manu- 
facturer. This is the third industrial plant recently taken 
over by this company. The other companies acquired include 
the Enterprise Engine and Foundry Co., San Francisco, and 


Aerco Corp., Los Angeles, producers of aircraft parts. 


° 


Completely equipped for producing aluminum castings by 
a special permanent mold process, a new plant is being put 
into operation by The Majestic Co., Huntington, Ind. The 
new company will be known as The Majestic Aluminum Co., 
and will produce castings of high tensile strength, elonga- 
tion and finish. 

William H. 
Knight as director of sales and market research for the Elastic 


Announced recently is the appointment of 


Stop Nut Corp. Mr. Knight has had twenty years’ experience 
in sales and marketing activities. Formerly he was president of 
Electric Household Utilities Corp. 


* 


According to a recent announcement of The Ohio Seamless 
Tube Co., Shelby, O., Irving F. Pohlmeyer, west coast sales 
and service engineer for the company, is now located at Suite 


200, 170 South Beverly drive, Beverly Hills, Calif. 


James H. Savage of the plastics division of Colt’s Patent 
Fire Arms Mfg. Co. is now plastics consultant of the War 
Production Board’s of Industrial Conservation, 
placing Gus Holmgren, who has gone to the plastics section of 


Bureau re- 
the Navy’s Bureau of Ordnance. 


a 


Keystone Carbon Co., Saint Marys, Pa., has recently ap- 
pointed George B. Shaw as its sales engineer. He will de- 
vote his efforts to the company’s negative temperature coef- 
ficient resistance material, a recent development of the com- 
pany. 

+ 

In charge of Twin Disc-Clutch Co. factory branches at St. 
Louis, Tulsa and Dallas for the last eight years, John B. Jen- 
kins has been made manager of the Hydraulic division, Rock- 
ford, Ill. 

¢ 

Production facilities of the Wright Aeronautical Corp., of 
Paterson, N. J., have been extended to a vast, newly con- 
structed plant called a 
where in New Jersey,” according to a recent announcement 
by M. B. Gordon, vice president and general manager of the 
The new plant will produce engines in the upper 


“warspeed” factory of concrete “some- 


company. 
horsepower brackets to power combat planes, troop transports 
and cargo carriers of the United Nations. 


¢ 


With an anticipated monthly production of over 500,000 
pounds of castings, the world’s largest magnesium foundry is 
nearing completion in Chicago. The offices of the company, 
The Howard Foundry Co., will soon be moved to the new 
headquarters at 4900 Bloomingdale road, according to its pres- 
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Because~the Pioneer Pump is able to handle fluid con- 
taining solids, chips, and dirt; and because its pressures 
are greater, this pump is selected in the leading plants 
doing war work. 


The absence of a gland and the perfect sealing of the 
liquid from the bearings reduce both maintenance and 
power consumption—both important factors today. 


The range of models embraces applications to suit every 
condition that may be met—from large capacity pumps 
to small compact units for limited spaces. 


PIONEER PUMP AND MANUFACTURING CO. 


19646 JOHN R. * DETROIT, MICH. 
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“SUPERIOR* 


DROP-FORGINGS 


Any Shape 
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C.. omyal ete ‘Facilities 


J. H. WILLIAMS & CO. 
“The Drop-Forging People” 
400 Vulcan St. 
BUFFALO, NEW YORK 
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ident, Frank C. Howard. He also made public the recent ag. 
quisition of the Aurora Foundry Co., Aurora, Ill., which wil] 
handle the production of all the company’s brass, bronze and 
copper castings, and will be known as the bronze division of 
the Howard Foundry Co. The original foundry now located 
at 1700 North Kostner avenue will be known as the alumi- 
num division, and will cast that metal solely. 


* 

For oven ten years associated with Wilkening Mfg. and 
most recently in charge of the sales of piston rings for the 
Wilkening Mfg. Co., Warren K. Lee has been elected vice 
president, with headquarters in the Lexington building, De- 
troit. 

. 

Election of Max McGraw as president of the National Elec- 
trical Manufacturers association, New York, has been an- 
nounced, Mr. McGraw is president of McGraw Electric Co., 
Chicago. 

. 

Connected with Metal & Thermit Corp., New York, for ten 
years, Merritt L. Smith has been appointed sales manager, 
Charles D. Young previously district manager of the company’s 
Chicago office, has been made sales manager of the welding 
division. 

. 

Associated with Driver-Harris Co. since 1907, George A. 
Lennox, assistant sales manager, has been appointed general 
sales manager. Joseph B. Shelby has been appointed assist- 
ant sales manager. Prior to his appointment Mr. Shelby was 
manager of the foundry. 


¢ 


Rudolph B. Flershem, formerly general manager, Buffalo 
Bolt Co., North Tonawanda, N. Y., has been elected president 
of the company, succeeding Raymond K. Albright who has 
been named chairman of the board. 


+ 
Removal to new quarters at 388 Wacouta street, St. Paul, 
Minn., has been announced by Minnesota Plastics Corp. 


¢ 


Enlarged offices and plant of the Seamlex Co. Inc. makers 
of flexible all-metal hose, have been completed and the com- 
pany is now located at these new quarters at 27-27 Jackson 
avenue, Long Island city, N. Y. 


* 


Appointments of J. O. Walz as assistant manager and J. D. 
Miner as manager of engineering, of Westinghouse Electric & 
Mfg. Co. have been recently announced by the Westinghouse 
small motor division at Lima, O. Mr. Walz was formerly 
manager of engineering and Mr. Miner previously served as 
aviation section engineer. Both joined the company as grad- 
uate students. 

. 


At a special meeting of the board of directors of The Na- 
tional Bronze & Aluminum Foundry Co., Cleveland, John L. 
Schmeller, formerly executive vice president, has been elected 
president of the company. 


+ 


Of the newly formed integral-horsepower motor section of 
General Electric Company’s motor division, K. R. Van Tas- 
sel has been appointed manager of sales. He became con- 
nected with the company as a student engineer, was trans- 
ferred to the transformer engineering department, later the 
single-phase motor department of which he became designing 
engineer, and in 1932, the fractional-horsepower motor engi- 
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HOLO-KROME FIBRO FORGED Unfailing Performance is Guar- 
Socket Screws are guaranteed anteed by Holo-Krome because 
by Holo-Krome to give Unfailing of the superior method patented 


Performance—the kind of per- : 
formance demanded today on and exclusively used by Holo- 
every front line of Industrial War Krome in the production of these 
Production. PRECISION MADE SCREWS. 
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TRICO OILERS meet the demand for modern, 
visible, automatic lubrication. Old fashioned 
“trust-to-luck’’ hand oiling methods are passe’. 
If you want improved performance from your 
machines, and know that they will be properly 
lubricated, standardize on TRICO OILERS. 


Dependable to the last drop! 


Send for Catalogue 


TRICO FUSE MFG. CO. 
MILWAUKEE + WISCONSIN 








For Many Years 
Detroit Bevel Gear 
Has Been a Leader 
n The Manufacture 
f Hypoid Gears 


GEARS OF 
ALL TYPES * 
In All Materials 


DETROIT BEVEL GEAR CO. 


8130 JOS. CAMPAU + DETROIT, MICH. 
Makers of Zuatity Gears for 50 Years 
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neering department. Since 1940 he has been manager of 
sales of Lynn Motors group. D. A. Yates has been placed in 
charge of this latter division, replacing Mr. Van Tassel. 

. 

Succeeding C. L. Pratt }r., resigned, Earl Wesselhoff has 
been named manager of the Boston branch of Morse Chais 
Co., Ithaca, N. Y. He has been transferred from the com- 
pany’s Detroit plant where he started twenty-two years ago. 

. 

For more than twenty-five years connected with Continental 
Roll & Steel Foundry Co., East Chicago, Ind., in various ca- 
pacities including sales, George B. Wadlow has been made 
assistant to the president of the Continental Ordnance Corp., 
a subsidiary of the Continental Roll company. 


MEETINGS AND 
EXPOSITIONS 


February 11-12— 


The Engineering Institute of Canada. 
meeting to be held at Royal York, Toronto, Canada. 


Fifty-seventh annual general 


February 12-13— 

Steel Founders’ Society of America. Annual meeting to be held at 
Edgewater Beach hotel, Chicago. Raymond L. Collier, 920 Midland 
building, Cleveland, is secretary. 


February 14-18— 

American Institute of Mining and Metallurgical Engineers. Annual 
meeting to be held at the Engineering Societies building, New York. 
Frank T. Sisco, 29 West Thirty-ninth street, New York, is secretary. 


March 1 5—- 

American Society for Testing Materials. Spring meeting and conven- 
tion to be held at the Statler hotel, Buffalo, N. Y. R. E. Hess, 260 South 
Broad street, Philadelphia, is assistant secretary. 


March 25-27— 

American Society of Tool Engineers. Annual meeting and Machine 
and Tool Progress exhibition to be held*in the Milwaukee auditorium, 
Milwaukee. Clyde L. Hause, 2567 West Grand boulevard, Detroit, is 


naticnal secretary. 


April 7-10— 
Electrochemical Society. Meeting to be held in Pittsburgh. Colin G 
Fink, 3000 Broadway, New York, is secretary. 


April 20-23— 

National Electrical Manufacturers’ association. Spring meeting to be 
held at the Palmer House, Chicago. W. J. Donald, 155 East Forty- 
fourth street, New York, is managing director. 


April 26-28— 

American Society of Mechanical Engineers. Spring meeting to be held 
in Davenport, Iowa. C. E. Davies, 29 West Thirty-ninth street, New 
York, is secretary. 


April 28-30— 

American Foundrymen’s association. Forty-seventh annual meeting to 
be held at Hotels Jefferson and Statler, St. Louis. R. E. Kennedy, 222 
West Adams street. Chicago, is secretary. 


MACHINE Desicn—February, 1945 








nager of 































placed in 
sel. 
lhoft has 
se Chai 
he com- 
‘ars ago. 
ntinental 
‘ious ca- 
nm made Bb £& « 4 4 re ie Pe a 
e Corp., 
ee 
‘ ™ 
general 5 » Jee 
<p No red leather—no chrome trim—they’re built for business—these 

held a il ° 

Midland landing barges of our armed forces. 

But the lounge of a luxury liner has never supplied purer air than 
ry that breathed by our boys crowded around the fuming diesel engines 
Vv ork, 
~~ of these small craft. 
saath Ventilation must be sure. Not for comfort, but for life itself. When 
) South ° . . 

aa it was decided that no ordinary motor could be depended upon to 
power the vital exhaust fans necessary, Welco was called on to build 
lachine the special water-proof, drip-proof motors that would not fail. 
torium, 
roit, is 

In war or peace, when a special motor is needed, look to Welco. 
lin G. THE B. A. WESCHE ELECTRIC CO. 

1626 Vine St. Cincinnati, Ohio 
to be 
Forty- 
> held 

New 
ng to 

222 
nal MacuHinE Desicn—February, 19438 177 
It9 
















SUPERSEAL Tubing Connectors 


Available in Steel and Maleable Iron 


Adaptable to all tubing 
including STEEL 


1. Long 10° tapered cone 
provides greater seating area 
for tubing flare . . . assuring 
a leakproof joint even under 
maximum vibration and 
pressures. 


2. All tubing easily flared to 
SUPERSEAL’s 10° angle. 
Even steel tubing is flared 
with a single operation. 


3. Inside diameter of tubing 
is maintained ... no obstruc- 
tions. 


4. Assemblies can be discon- 
nected and reconnected in- 
numerable times without 
injuring the fitting or tubing. 


5. Tubing bends can be made 
extremely close to the fitting. 


6. Used with welded, brazed 
or seamless steel tubing ... 
and all non-ferrous tubing. 


7. Used on oil, gas, air and 
chemical lines. 

Write for Catalog 1R, “Grin- 
nell SUPERSEAL Connec- 
tors”. Grinnell Company, 
Inc., Superseal Division, 
Providence, R. I. 
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Gusher Pumps 


exclusive features. 


The leaders in machine tool pro- 
duction depend on Gusher Pumps. 
Our line includes immersed types, 
tank units, pipe-connected types, 
flange-mounted types and plain 


drive types. 


From a dribble to 200 g. p. m. 
Learn what the leader in the cool- 
ant pump field has to offer you. 
There’s a Gusher to meet your 


needs. Write. 


-) COOLANT 
‘a PUMPS 


ive you a 

copious, dependable, trouble- 
free flow of coolant for speedy, 
efficient production. You get the 
advantages of many patented and 


Model 5-P3 


This new Gusher has a large 
mounting flange so as to be 
interchangeable with la ger 
Gusher Pumps. Right or left 
discharge. 

1/10 H.P. Maximum Capacity; 
0 g.p.m. 


CINCINNATI, OHIO 


LARGEST EXCLUSIVE BUILDERS OF COOLANT PUMPS 


a THE RUTHMAN MACHINERY CO. 
1811 READING ROAD 
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NEW MACHINES- 
And the Companies Behind Them 


(For illustrations of other outstanding machinery, see 
Pages 116-117) 


Air Conditioning 


Self-contained, cyclone-type dust collector, Aget-Detroit Mfg. Co., De- 
toit. 

Dust collector, Torit Mfg. Co., St. Paul, Minn. 

High-velocity fume exhauster, General Blower Co., Chicago. 


Armament 


Loading and unloading bomb-cleaning machine, Pangborn Corp., 
Hagerstown, Md. 

Annealing machine for steel cartridge cases, Morrison Engineering Corp., 
Cleveland. 

Double-end centering machine for gun forgings, etc., Kent-Owens Ma- 
chine Co., Toledo, O. 

Heavy-duty tapping machine for aircraft, tank, and shell production, 
Cleveland Tapping Machine Co., Cleveland. 

*Ambulance, Henney Motor Co., Freeport, Ill. 

*Automatic shell-coating machine, DeVilbiss Co., Toledo, O. 

Finishing 

Grinding and buffing machine, Standard Electric Tool Co., Cincinnati. 

Infra-red dryer for polishing wheels, Park Chemical Co., Detroit. 

Small-sized block sanders, National Air Sanders Inc., Rockford, Il. 

General purpose superfinishing machine, Foster Div., International Ma- 
chine Tool Corp., Elkhart, Ind. 

Parkerizing unit, N. Ransohoff Inc., Cincinnati. 

Mechanical parts cleaner, Practical Products Co., St. Paul, Minn. 

Metal-cleaning revolving drum, Colts Patent Fire Arms Mfg. Co., Hart- 
ford, Conn. 

Metal parts washer, Sturdy-Built Equipment Corp., Milwaukee. 

Metal-washing machine, Magnus Chemical Co., Garwood, N. J. 


Heat Treating 
Forced convection furnace, Lindberg Engineering Co., Chicago. 
Special furnace, Johnson Gas Appliance Co., Cedar Rapids, Ia. 
Electric furnace for small metal parts, Thermo Electric Mfg. Co., Chicago. 
Atmosphere furnaces, Delaware Tool Steel Corp., Wilmington, Del. 
High-temperature fans for furnaces, Despatch Oven Co., Minneapolis 
Flame type mouth and taper annealing machine, Morrison Engineering 
Co., Cleveland, Ohio. 
Heat-treating temperature control unit, Upton Electric Furnace Div., 
Detroit. 


Instruments 
Spark plug testing machine, Denison Engineering Co., Columbus, O. 
*Magnetic inspection machine, Western Industrial Engineering Co., 
Los Angeles. 
*Automatic frequency response recorder, Sound Apparatus Co., New York. 


Materials Handliag 


Heavy index milling machine, Blank & Buxton Machinery Co., Jack- 
son, Mich. 

Hydraulic arbor press, Studebaker Machine Co., Chicago. 

Hydraulic bending and beveling machine, Hufford Machine Works Inc., 
Redendo Beach, Calif. 

Pinion and gear-cutting machine, Waltham Machine Works, Waltham, 
Mass. 

Specially designed hoilow mill, Le Maire Tool & Mfg. Co., Dearborn, 
Mich. 

Electric pedestal grinder, The Lima Photo Engraving Co., Lima, O. 

Hydraulic bulldozer, Beatty Machine & Mfg. Co., Hammond, Ind. 

Horizontal and vertical milling machine, Lombard Governor Corp., 
Ashland, Mass. 

Single purpose thread milling machine, Hill-Bartlett Machine Co., Rock- 
ford, Ill. 

*Double-action toggle drawing press, E. W. Bliss Co., Brooklyn. 

®Special 3-way metalworking machine, Baker Bros. Inc., Toledo, O. 

*Bar jig mill, De Vlieg Machine Co., Detroit. 

Universal cutter and tool grinder, Covel Mfg. Co., Benton Harbor, Mich. 

Turret lathe, Morey Machinery Co. Inc., New York. 

Shear, O’Neil-Irwin Mfg. Co., Minneapolis. 


Transportation 
®Steam locomotive, Baldwin Locomotive Works, Philadelphia. 


(*Illustrated in pictorial spread, Pages 116, 117) 
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